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The  centenary  of  the  birth  of  Nikolai  Semenovich  Kumakov,  one  of  the  most  outstanding  Russian  chemists, 
will  be  celebrated  in  the  current  year  (1960). 

Through  his  studies  on  salts,  alloys,  ores,  and  organic  materials,  N.  S.  Kumakov  not  only  enriched  various 
branches  of  theoretical  and  applied  chemistry  but  developed  certain  general  principles  v.'hich  served  as  a  basis 
for  physical  chemical  analysis,  a  new  field  of  chemistry  dealing  with  the  investigation  of  chemical  systems. 

Nikolai  Semenovich  Kumakov  was  bom  on  December  6,  1860  in  the  city  of  Nolinsk  in  the  formei  Vyatska 
district  (now  the  Kirovskii  province)  in  the  family  of  an  officer  who  had  participated  in  the  defence  of  Sevastopol 
in  1854-1855.  After  completing  his  studies  in  the  Petersburg  Institute  of  Mines  in  1882,  N,  S.  Kumakov  continued 
on  to  serve  there,  lirst  as  a  lecturer  and  then  as  professor  of  inorganic  and  analytical  chemistry.  He  also  served 
as  professor  of  physical  chemistry  in  the  Electrotechnical  Institute  (1899-1908)  and  as  professor  of  general  chem¬ 
istry  Ln  tlie  Petersburg  (now  Lening'-ad)  Polytechnic  Institute  (1902-1930). 

N,  S.  Kumakov  was  elected  to  membership  in  the  Academy  of  SCitnees  in  1913  and  here  organized  (to¬ 
gether  with  V.  L  Vernadskii  and  A.  E.  Fersman)  in  1915  a  commission  for  studying  the  natuial  resources  of  Russia, 

After  the  Great  October  Socialist  Revolution,  N,  S,  Kumakov  organized  the  Institute  for  Phy-sical  Chemical 
Analysis  for  the  study  of  the  properties  of  alloys,  salt  solutions,  and  organic  substances.  Mixtures  of  substances 
which  are  capable  of  interacting  chemically  with  one  another  are  designated  as  chemical  systems.  Kumakov 
proposed  the  name  of  physical  chemical  analysis  for  the  branch  of  theoretical  chemistry  which  deals  with  systems. 

N,  S.  Kumakov  served  as  director  not  only  cf  the  Institute  of  Physical  Chemical  Analysis,  but  of  the  Acad¬ 
emy  of  Sciences*  Laboratory  of  General  Chemistry,  the  successor  to  the  chemical  Laboratory  founded  by  M,  V, 
Lomonosov  in  1748,  as  well  as  the  Institute  for  the  Study  of  Platinum  and  Other  Noble  Metals.  In  1934,  these 
three  institutions  were  combined  into  a  single  Institute  of  General  and  Inorganic  Chemistry  of  the  Academy  of 
Scieivces  of  the  USSR,which  N.  S,  Kumakov  directed  until  his  death  on  March  19, 1941.  This  Institute  was 
named  in  his  honor  in  1944. 

N.  S.  Kumakov  organized  a  number  of  scientific  meetings,  conferences,  and  congresses  .such  as  the  Men¬ 
deleev  Congresses,  and  conferences  on  physical  chemical  analysis. 

His  work  was  recognized  by  the  award  of  a  Stalin  Prize,  the  title  of  Honored  Scientist  of  the  RSFSR,  and 
the  order  of  the  Red  Banner  of  Labor. 

N.  S.  Kumakov  worked  in  a  number  of  fields  of  theoretical  and  applied  chemistry,  studying  complex  com¬ 
pounds.  alloys,  natural  salts,  and  system.s  of  organic  substances.  In  these  investigations  he  adhered  to  the  principle 
of  utilizing  objectives  of  practical  importance  as  a  basis  for  theoretical  studies. 

The  first  extensive  work  of  N.  S,  Kumakov  was  his  dissertation  on  "The  Complex  Metallic  Bases?  which 
appeared  in  1893.  Here  he  laid  down  the  basis  for  a  systematic  study  of  the  complex  compounds  .which  was 
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later  continued  in  Russia  by  L,  A.  Chugaev  and  I,  I.  Chemyaev  and  their  students  and  co-workers.  In  synthesizing 
complex  platinum  compounds  and  studying  their  properties,  N,  S,  Kumakov  discovered  the  reaction  which  now 
cattles  his  name.  This  reaction  makes  It  pusslhlc  tc  rhe.  reometrical  structures  of  the  compounds  of 

divalent  platinum  from  their  reactions  with  thiourea,  distinction  being  made  between  the  trans  compounds.ln 
which  Indentical  groups  are  situated  on  opposite  sides  of  the  platinum  atom. from  the  cis  compounus,in  which 
these  groups  are  located  on  the  same  side  of  the  platinum, 

N.  S.  Kumakov  began  his  studies  of  metallic  systems  at  tlie  end  of  the  last  century.  He  considered  that 
correct  conclusions  as  to  the  nature  of  alloys  could  be  obtained  only  alter  study  had  been  made  of  a  number  of 
their  physical  chemical  properties. 

The  study  of  alloys  which  N.  S.  Kumakov  carried  out  in  conjunction  with  S.  F.  2,hemchuzhnil,  his  partner 
In  many  years  of  work,  disclosed  a  number  of  rules  (subsequently  designated  as  the  Kurnakov-Zhcnichuzhni! 

Rules)  relating  the  compositions  a.nd  properties  of  binary  metallic  systems.  Thus  it  was  found  tliat  the  conduc¬ 
tivity  isotherm  (curve  showing  the  variation  of  conductivity  with  concentration)  for  a  system  Involving  a  solid 
solution  would  be  a  continuous  curve  with  a  minimum.while  the  hardness  isotherm  would  pass  through  a  maxi¬ 
mum.  T'le  isotherms  of  these  two  properties  approximate  straight  lines  in  the  case  of  a  two-phase  mechanical 
mixture  of  crystals  of  the  two  metals.  Special  or  singular  points  appear  on  these  isotlicrms  when  the  components 
form  chemical  com|x}'.inds,a'id  the  compositions  ccrrcspondlng  to  them  are  those  of  the  compounds  themselves. 

N,  C.  Kumakov  proposed  that  such  compounds  be  designated  as  "daltonidcs"  (from  the  Fuglish  scientist  James 
Dalton)  and  distinguished  from  the  berthollides,  or  compounds  of  variable  composition  whose  existence  had 
been  predicted  by  tlic  French  scientist  C.  Berthollet,  Berthollides  had  been  found  by  N.  S.  Kumakov  In  such 
metallic  systems  as  thallium  — bismuth  and  lead— sodium.  The  compositions  of  these  compounds  could  be  al¬ 
tered  over  wide  Intervals. 

This  study  of  solid  solutions  led  to  the  discovery  of  alloys  whose  electrical  resistance  was  high  and  weakly 
dependent  on  temperature.  These  substances  are  of  much  practical  importance. 

While  studying  the  ailoys  of  gold  and  copper,  N.  S.  Kumakov  discovered  an  instance  of  the  formation  of 
a  chemical  compound  from  solid  solutions.  Otlier  so-called  Kumakov  compounds  were  later  found  In  otlicr 
metallic  systems  and  are  still  studied  intensively  with  a  view  to  eluciduung  their  nature  and  structure. 

N.  S.  Kumakov  carried  out  an  important  work  on  the  modernization  of  apparatus  and  techniques  in  the 
course  of  his  studies  on  metallic  systems.  In  1903  he  devised  a  registering  pyrometer  which  permitted  the  auto¬ 
matic  recording  of  the  temperature  during  heating  or  cooling  of  a  system.  This  KumaKov  pyrometer  would  be 
considered  as  a  very  refined  instrument  even  at  the  present  time, and  it  is  still  used  not  only  for  thermal  analysis 
(the  determination  of  the  temperatures  of  melting,  crystallization,  phase  transformations,  etc.)  but  also  for  fol¬ 
lowing  any  process  which  is  accompanied  by  an  alteration  in  t'ne  electromotive  force,  N.  S.  Kumakov  constructed 
special  equipment  for  a  study  of  flow  pressures  which  he  carried  out  in  conjunction  with  S.  F,  Zhemchuzhnil. 

From  the  publication  of  his  paper  on  ’Volatile  Saltworks  Systems"  in  1885  to  lire  very  last  years  of  his  life, 
N.  S.  Kumakov  maintained  an  unflagging  interest  in  the  study  of  salt  lakes  and  deposits  and  directed  the  v/ork  of 
his  students  and  co-workcrs  in  this  field.  Following  the  Great  October  Socialist  Revolution,  a  series  of  expeditions 
for  studying  tlie  physical  chemistry  of  the  salt  lakes  of  the  Crimea,  Lower  Volga,  and  otlier  regions  of  the  USSR 
was  organized  under  his  direction.  He  was  espKicially  Interested  in  the  Kara-Bogaz-gol  gulf  of  the  Caspian  Sea, 
a  very  rich  source  of  natural  salts.  In  order  to  understand  the  crystallization  processes  which  take  place  in  this 
gulf,  N.  S,  Kumakov  and  S.  F,  Zhemchuzhnil  studied  the  cosolubility  in  water  of  the  chlorides  and  sulfates  of 
sodium  and  magnesium,  the  principal  components  of  many  saline  deposits  which  originate  from  sea  water.  The 
extent  to  which  the  composition  of  the  salt  mass  in  the  deposit  approached  that  of  the  sea  water  was  shown  by 
N.  S,  Kumakov  to  be  related  to  the  so-called  coefficient  of  mr  tamorphization  (transformation),  the  ratio  of  the 
magnesium  sulfate  contpnr  rf  the  deposit  to  tlie  magnesium  chloride. 

In  1916  N.  S.  Kumakov  published  the  results  of  a  study  on  the  presence  of  potassium  salts  in  brines  ob¬ 
tained  from  borings  in  the  neighborhood  of  Solikamsk,  These  brines  had  for  centuries  served  as  a  source  of 
ordinary  salt.  Work  on  deep  borings  showed  the  presence  of  deposits  of  potassium  salts  of  great  industrial  Im- 
portanre.  Trhc  studies  of  N,  S.  Kumakov  on  mineral  salts,  ores,  and  other  naturally  occurring  materials  assisted 
the  USSR  in  developing  industries  for  the  production  of  mineral  salts,  fertilizers,  aluminum,  and  magnesium. 
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N.  S.  Kiimakov  generalized  t>  e  results  of  his  studies  uf  the  physical  chemical  properties  of  allo/s  and  salt 
solutions  which  were  of  practical  importance  and  developed  theoretical  rules  relating  ^he  properties  of  a  system 
with  composition  and  temperature,  Li  developing  and  testing  these  rules  he  sometimes  selected  systems  which 
were  lacking  in  practical  Interest  but  possessed  certain  advantaces  for  experimeniatlon  and  develonmem  of  n^w 
methods  of  investigation.  Certain  organic  substances  proved  to  be  quite  useful  here  since  their  low  melting 
points  made  it  possible  to  readily  obtain  liquid  solutions  containing  any  desired  amount  of  either  component, 
while  their  transparency  permitted  observation  of  the  crystal  structure  not  only  in  reflected  light,  as  In  the  case 
of  mculs,  but  in  transmitted  light  as  well.  This  last  fact  made  It  possible  to  folic*-.’  the  rate  of  crystallization 
and  the  order  of  appearance  of  the  solid  phases.  The  viscosity  method  was  applied  with  considerable  success  to 
these  systems  and  led  N,  S,  Kurnakov  to  the  discovery  of  a  nev  type  of  viscosity  Isotheroi  wliioh  showed  a  maxi- 
mtim  corresponding  to  the  composition  of  a  chemical  compound  which  had  formed  In  solution.  Similar  maxima 
were  then  ciscovered  In  metal  and  oxide  systems  which  are  less  amenable  to  experimentation.  These  were  des¬ 
ignated  by  N,  S,  Kurnakov  as  singular  maxima  and  characterize  the  compositions  of  the  compounds  wliich  have 
been  formed  In  the  liquid  phase. 

Thus  all  of  those  types  of  melting  point  diagrams  (and  diagrams  for  other  properties,  as  well)  which  have 
been  found  to  apply  to  systems  of  metals,  molten  salts,  and  silicates  have  also  been  realized  In  systems  involv¬ 
ing  organic  components.  Thus  the  organic  systems  arc  useful  models  for  the  study  of  the  relation  between  prop¬ 
erties,  composition,  and  temperature.  Many  of  these  organic  systems  later  found  practical  applications. 

The  Individual  chemical  substance  was  then  the  object  of  study  in  organic  and  inorganic  chemistry  and, 
to  a  certain  oegree.  In  physical  chemistry  as  well.  Little  attention  was  given  to  systems  or  mixtures.  On  the 
other  hand,  D,  I.  Mendeleev  had  already  called  attention  to  the  fact  that  tlxj  study  of  systems,  especially  solu¬ 
tions,  could  make  a  valuable  contribution  to  the  understanding  of  chemical  compounds.  The  chemical  Individ¬ 
ual  enters  Into  such  systems  as  solutions  and  gaseous  mixtures  in  the  course  of  Its  preparation  and  purification. 
Finally,  it  Is  true  that  most  rf  the  materials  which  find  application  in  technology  and  daily  life  (substances  such 
as  glass,  alloys,  foodstuffs)  are  mixtures  rather  than  pure  individuals.  On  thb  basis  the  significance  of  physical 
chemical  analysis,  that  btancli  of  theoretical  chemistry  which  was  established  by  N.  S.  Kurnakov  for  the  study 
of  the  relation  between  sy.tcm  properties,  composition  and  temperature,  becomes  evident.  More  than  thirty 
physical  properties  are  now  known  in  which  variation  with  composition,  temperature,  and  pressure  is  a  reflection 
of  physical  chemical  transformations  involving  alteration  In  the  number  of  Individuals  and  phases  which  are 
present  in  a  system. 

The  use  of  gcomet:iccl  methods  Is  a  characteristic  feature  of  the  present  day  physical  chemical  analysis. 
The  exfKirimcntariy  cstaolJshed  functional  relation  between  property  and  composition  is  represented  graphically 
in  a  composition—  property  diagram  whose  geometrical  study  leads  to  conclusions  concerning  the  type  of  interac¬ 
tion  between  the  components  of  the  system,  the  possible  foraiation  of  mechanical  mixtures,  solid  solutions,  and 
chemical  compounds,  and  even  to  information  as  to  the  stability  of  these  compounds  under  the  experimental 
conditions.  Thus  tl.ere  is  no  necessity  for  the  separation  and  chemical  analysis  of  the  compounds  wliich  have 
been  produced. 

The  most  la.poitant  theoretical  principle  of  modern  physical  chemical  analysis  is  the  hypothesis  of  unity 
of  structure  of  chemical  diagrams.  This  principle  asserts  that  the  form  of  the  diagram  is  independent  of  the 
chemical  groups  to  which  the  components  belong  and  is  fixed  by  the  type  of  Interaction  between  these  compo¬ 
nents.  Thus,  the  formation  of  a  stable  chemical  compound  In  a  binary  system  always  leads  to  the  appearance  of 
a  maximum  on  the  viscosity  diagram  regardless  whether  the  components  are  organic  substances,  metals,  or  sili¬ 
cates.  N.  S.  Kurnakov  defined  the  objectives  and  techniques  of  physical  chemical  analysis,  formulated  its  basic 
principles,  and  developed  the  theory  of  the  topology  of  chemical  diagrams,  I.e.,  the  theory  of  those  characteris¬ 
tics  of  graphs  representing  properties  as  functions  of  composition  which  are  related  to  the  general  diagram  struc¬ 
tures,  Topology  is  that  branch  of  geometry  which  studies  those  aspects  of  the  form  and  mutual  relations  of 
figures  which  are  independent  of  dimensions. 

One  of  the  techniques  of  physical  chemical  analysis  is  the  method  of  comparison  of  properties  or  simul¬ 
taneous  study  of  the  alteration  of  several  characteristics  with  temperature  and  concentration.  The  results  are 
plotted  on  a  single  composition— property  diagram  and  then  compared.  This  permits  comparison  of  die  isotherms 
for  two  or  more  properties  for  different  types  of  chemical  interaction  and  facilitates  discovery  of  the  Interrela¬ 
tionship  of  these  characteristics.  Furthermore,  the  compositions  of  compounds  which  are  formed  In  the  system 
and  are  covered  by  singular  points  on  the  isotherms  of  two  or  more  characteristics  undoubtedly  ervrespond  to  new  In¬ 
dividuals. 
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The  work  In  physical  chemical  analysis  which  N,  S,  Kumakov  and  his  collaborators  carried  out  In  a  num¬ 
ber  of  educational  and  scientific  research  Institutions  built  up  the  most  extensive  school  of  physical  chemists  in 
iliC,  UGGIl,  the  deve!c*ptP'*nr  nf  this  school  was  espcciilly  marked  after  the  Great  October  Socialist  Revolution. 
Many  of  his  students  and  collaborators  are  now  directors  of  the  scientific  research  work  on  salts,  metals,  silicates, 
and  organic  systems  which  is  being  carried  out  In  the  various  educational  and  scientific  Institutions  of  the  USSR. 

The  students  and  collaborators  of  N,  S.  Kumakov  continue  the  development  of  various  phases  cf  physical 
chemical  analysis,  studying  the  processes  which  occur  in  natural  salt  beds.  Investigating  the  relation  between  the 
properties  of  alloys,  their  corr.positlon  and  temperature,  and  deepening  their  understanding  o!  liquid  and  solid 
solutions  through  knowledge  of  properties  and  structures. 

They  have  a  worthy  example  for  emulation  m  their  modest,  unassuming  teacher,who  devoted  all  of  his 
efforts  to  the  service  of  science  and  his  native  land. 

The  most  important  papers  of  N.  S,  Kumakov  have  been  collected  In  the  text  "An  Introduction  to  Physical 
Chemical  Analysis,"  a  fourth  edition  of  which  appeared  In  1940,  and  In  the  two  volumes  of  his  •Collected  Papers* 
(Volume  I  appeared  in  1938  and  Volume  n  In  1939). 

The  theoretical  papers  are  Included  in  the  "Introduction*  while  the  "Collected  Papen"  Is  largely  devoted 
to  the  experimental  studies. 

Many  papers  of  N.  S.  Kumakov  and  his  students  were  published  in  the  27  volumes  of  theizvestlya  Instltuta 
(sektora)  Flzlko-khlmlcheskogo  Anallza  which  appeared  from  1920to  1955, 

Volume  14  (1940)  of  this  journal  contains  articles  devoted  to  the  various  aspects  of  the  activity  of  N,  S, 
Kumakov  and  his  school.  The  ninth  number  of  Volume  21  of  Uspekhii  Khlmll  for  1952  Is  devoted  to  this  same 
subject. 

Various  articles  devoted  to  the  scientific  activity  of  N.  S.  Kumakov  are  to  be  found  In  certain  journals  of 
chemistry  and  general  science  for  1941, 

Interesting  biographical  information  material  and  information  on  the  scientific  activity  of  N,  S,  Kumakov 
have  been  collected  In  the  recent  book  of  Yu,  I.  Solov'ev  and  O,  E.  Zvyagintsev,  "Nikolai  Semenovich  Kumakov, 
His  Life  and  Work"  (Acad,  Scl,  USSR  Press,  1900,  p,  207),  In  addition  to  footnotes,  this  text  also  contains  a 
bibliography  of  works  on  N,  S.  Kumakov  v/hlch  Includes  more  than  30  titles  (pp,  205-206), 
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The  calorimetric  determination  of  the  enthalpies  of  formation  the  vanadium  oxides  presents  certain 
difficulties  wliich  arise  from  the  fact  that  recourse  must  be  had  to  oxidation  reactions  which  fail  to  go  to  com¬ 
pletion  and  yield  products  of  indefinite  phase  composition.  This  Incomplete  oxidation  of  the  vanadium  oxides 
is  due  to  the  limitation  of  access  of  oxygen  to  the  oxidizing  material  as  a  result  of  the  iormation  of  surface 
films  of  vanadium  pentoxide.  Naturally,  the  effect  of  this  factor  can  be  reduced  by  using  a  mlcrocalorlmeter 
and  thereby  diminishing  the  charge  cf  oxide  required  for  combustion.  In  this  way  It  has  been  possible  to  obtain 
quite  satisfactory  results  for  vanadium  oxides  of  intermediate  oxygen  content  [IJ. 

The  present  work  has  been  devoted  to  a  study  of  the  lower  oxides  of  vanadium.  Working  samples  were 
preparcd  from  vanadium  iodide  which  had  been  rendered  frangible  by  hydrogenation  with  carefully  purified  hy¬ 
drogen,  and  vanadium  irioxldc  wliich  had  bcerj  obtained  by  reducing  the  analytical  grade  pentoxide  with  hydro¬ 
gen,  These  two  materials  were  carefully  mixed  and  the  mixture  then  pressed  into  tablets  which  were  fired  for 
two  hours  at  1660*  in  a  vacuum  resistance  furnace  with  tantalum  heating  elements.  The  crucibles  were  made 
of  "corundiz*  and  showed  no  signs  of  reaction  with  the  oxidation  products.  Tlie  composition  of  the  working 
samples  was  checked  by  determining  the  increase  in  mass  resulting  from  oxidation  to  the  pentoxide. 

The  heat  of  combustion  was  determined  In  the  vacuum  microcalorimeter  which  has  been  described  earlier 
in  [1],  The  experimentally  determined  heats  of  combustion  of  the  lowei  vanadium  oxides  •»nd  the  enthalpies 
of  fenriation  calculated  from  them  are  given  in  Table  1,  One  calorie  was  assumed  equivalent  to  4.1840  ab¬ 
solute  joules. 

Tabic  2  presents  values  which  various  authors  have  obtained  for  the  enthalpies  of  formation  of  the  vana¬ 
dium  oxides.  Our  own  values  are  close  to  those  given  in  [1,  2],  Values  taken  from  the  second  of  these  two  ref¬ 
erences  have  been  included  in  the  tables  published  by  the  United  States  Bureau  of  Standards  [3], 

The  densities  of  the  vanadium  oxides  were  determined  in  a  vacuum  pycnometer,  using  bromofortn  as  the 
sealing  liquid  [6].  The  experimentally  determined  densities  of  the  vanadium  oxides  and  the  gram-formula 
volumes  calculated  from  them  are  given  in  Table  3, 

The  figure  shows  the  variation  of  enthalpy  of  formation  and  gram-formula  vblume  with  oxide  composition. 
The  doited  line  marks  the  lower  limit  of  the  region  of  homogeneity  of  vanadium  suboxide.  It  Is  to  be  seen  that 
both  the  gram-formula  volume  vs  composition  and  the  enthalpy  of  formation  vs  composition  curves  show  breaks 
at  a  composition  which  corresponds  closely  to  the  formula  VO^j.  Each  curve  b  linear  on  both  sides  of  the  break 
point. 

It  Is  not  clear  whether  the  formulaVOc^  designates  a  discreet  compound  or  the  upper  limit  of  a  region 
of  homogeneity  which  extends  to  metallic  vanadium.  In  the  laner  case  the  situation  would  be  similar  to  that 
met  in  the  Tl—O  system  where  there  is  a  region  of  homogeneity  ranging  from  T1  to  Ti(\,go  [7,  83.  A  solutica 
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TABLE  1 


TABLE  2 

Enthalpies  of  Formation  of  Vanadium  Oxides  (-Ah,  kcal/g-formula  wt) 


Oxide 

formula 

Published  values 

1  Our  values 

1 

i 

l*J 

"  i 

ri 

_ 1 

VO 

1 

08 

1  1 

lOG  ±  6 

100 

115 

102  ±  1 

103  ±  3 

V2O3 

320  1 

206  ±  2 

300  ±  9 

290 

320 

300  ±4 

VjO* 

3i>3 

342  ±  2  1 

352  ±  14 

344 

375 

VxO, 

437 

1 

373  ±  2 

3»2  ±  12 

373 

437 

376  ±  2 

373  ±3 

of  this  problem  will  be  sought  in  x-ray  studies  which  we  have  just  undertaken.  It  Is  clear  that  the  imervalfrom 
VO040  *0  VOp^o  is  a  region  of  two  phases.  The  x-ray  diagram  of  a  sample  of  composition  VOo,||  shows  only 
those  lines  which  are  characteristic  of  vanadium  suboxide  (NaCl  structure),  whereas  the  diagram  of  a  sample 
of  composition  VOj^yy  shows  not  only  the  lines  of  a  VO|ji  x  phase  hut  other  lines  from  a  new  type  of  phase.  The 
lines  of  vanadium  suboxide  become  less  and  less  intense  as  the  oxygen  content  is  diminished.  A  sample  of  com¬ 
position  VOq^  shows  only  a  single  line  from  the  VO|  ±  x  phase  while  the  diagram  for  VOg^  shows  none  of  the 
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-AH 


Gram-formuld  volumes  (v)  and  en¬ 
thalpies  of  formation  (  AH)  of  the 
lower  oxides  of  vanadium. 


TABLE  3 

Densities  and  Gram-Formula  Volumes  of 
tViA  I  nwpr  Oxides  of  Vanadium 


Sample 

composition 

Density  at 
2C*,  g/cm’ 

Gram-formula 
volume  at  20' 
cmVg-formu] 

6.1 1 

6.1  i 

S.6S 

^  Uo.ii 

6.10 

3.90 

6.06 

9.17 

6.05 

S.45 

VOo.S9 

5.S8 

10.27- 

VO0.T7 

5.94 

t0.90 

vanadium  suboxidc  lines.  It  follows  that  the  boundary 
of  the  two-phase  region  fails  between  VOj^j  and  VOq  39. 
In  this  interval  change  of  the  form  of  the  dependence  of 
the  enthalpy  of  formation  and  the  gram -formula  volume 
on  composition  is  observed. 


It  is  noteworthy  that  the  enthalpies  of  formation 
and  gram-formula  volumes  of  substances  falling  in  the 
oxygen-lean  portion  of  the  region  of  homogeneity  of  vanadium  suboxide  (VOj^oo  —  VOq  se)  *  ^re  almost  identical 
with  the  corresponding  values  for  mixtures  of  an  oxide  of  the  stoichiometric  composition  VOj^oq  and  another 
oxide  of  the  composition  VO(,,33  t  3.03.  A  similar  situation  has  been  observea  earlier  In  the  case  of  the  lower 
oxides  of  titanium  [8]. 


SUMM  A  RY 

The  dependence  of  enthalpy  of  formation  and  gram-formula  volume  on  composition  has  been  established 
over  the  interval  from  V  to  VO1.142. 
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•  It  will  be  recalled  that  the  region  of  homogeneity  of  vanadium  suboxide  ranges  from  VO^^  to  VOu^fl], 
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The  most  detailed  physical  chemical  analysis  of  ternary  liquid  systems  containing  one  homogeneous  sys¬ 
tem  and  two  binary  systems  showing  miscibility  gaps  with  upper  consolute  temperatures  Is  that  which  has  been 
made  for  the  case  of  component  interaction  in  the  homogeneous  system.  It  has  been  established  [1-4]  that  such 
a  fiomogcncous  system  (designated  as  prevailing  [5]  or  predominant  [6,  7])  will  always  play  the  decisive  role  In 
fixing  the  configuration  of  the  miscibility  gap  In  the  composite  ternary  system.  The  presence  of  the  chemical 
compounds  of  this  homogeneous  system  is  manifested  by  formation  of  anticlinal,  synclinal,  or  inflectional 
folds  in  the  partial  misciblMiy  region  of  the  ternary  system. 

In  light  of  this  work  it  would  be  natural  to  anticipate  that  singularities  would  not  appear  on  the  ternary 
critical  point  curve,  or  the  saturated  solution  curves  of  the  rniscibility  isotherms,  of  a  ternary  system  which  in¬ 
cludes  a  predominant  system  with  nonnal  [8]  component  relations  [9,  lO],  The  appearance  of  new  experimental 
material  which  (as  it  seems  to  us)  has  been  in  part  Incorrectly  interpreted  necessitates  a  review  of  this  situa¬ 
tion  [9,  11],  The  present  work  is  devoted  to  a  theoretical  development  and  experimental  study  of  phase  diagrams 
for  ternary  systems  which  include  one  binary  system  showing  normal  component  relations  in  the  homogeneous 
liquid  phase  and  two  binary  systems  with  miscibility  gaps. 

Let  It  be  supposed  that  the  ternary  A-B-C  system  (Fig.  1)  Includes  one  homogeneous  binary  A-B  system 
whose  components  arc  normally  related,  and  two  other  binary  systems,  A-C  and  B-C,  which  have  upper  con- 
solute  temperatures.  The  phase  diagram  for  such  a  ternary  system  Is  not  fixed  by  the  component  relations  In 
the  homogeneous  system  alone  but  depends  on  the  interaction  of  the  components  in  the  binary  gap  systems  as 
well.  There  are  three  possibilities  for  this  A-B-C  system:  either  1)  neither  of  the  binary  gap  systems  shows 
component  interaction,  or  2)  one  of  these  systems  shows  component  interaction,  or  3)  both  of  these  systems  show 
component  interaction.  Each  of  these  three  cases  will  be  considered  separately. 

Case  1.  The  homogeneous  A-B  system  will  fix  the  region  of  partial  miscibility  in  the  ternary  system  at 
each  temperature  if  there  is  no  component  interaction  in  the  gap  systems  A-C  and  B-C.  The  tie  lines  of  iso¬ 
thermal  sections  of  the  region  of  partial  miscibility  are  then  directed  toward  the  side  of  this  binary  A-B  system, 
and  their  extensions  converge  to  the  C  vertex  of  the  concentration  triangle.  The  form  of  such  a  region  of  partial 
miscibility  is  shown  In  Fig,  la,  for  a  case  in  which  the  consolute  point  in  system  A-C  is  higher  than  the  conso¬ 
lute  point  in  system  B-C.  This  figure  includes  projections  of  various  isothermal  sections  of  the  region  of  partial 
miscibility  onto  the  composition  triangle. 

Case  2.  The  general  lorm  of  the  region  of  partial  miscibility  of  the  ternary  system  is  still  similar  to  that 
described  above  If  the  components  of  only  one  of  the  binary  gap  systems  (assumed  to  be  the  B-C  system)  interact 
chemically.  There  will  be  a  single  two-phase  liquid  region  in  such  a  ternary  system  when  the  temperature  is 
lower  than  the  consolute  point  in  either  of  the  two  gap  systems.  The  tie  lines  of  any  one  isothermal  section 
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Fig.  1.  Fossihls  forms  of  phase  diagrams  for  ternary  liquid  systems  involving  one  homo¬ 
geneous  system  in  which  there  is  no  component  inteiaction  and  two  other  binary  systems 
-  with  miscibility  gaps  and  upper  consolute  temperatures.  Explanation  In  text. 

will  then  be  continuous  and  connect  points  in  the  A-C  and  B-C  systems  representing  mutually  saturated  solutions. 
A-B  will  be  the  predominant  binary  system  under  these  conditions,and  the  nodes  will  be  orientated  toward  this 
side. 

The  consolute  temperature  of  the  B-C  system  must  be  lower  than  that  of  the  system  A~C  since  B-C  In¬ 
volves  not  only  parclal  miscibility  but  chemical  interaction  of  the  components  as  well .  The  region  of  partial 
miscibility  rests  entirely  on  the  A-C  side  at  temperatures  above  the  consolute  point  in  the  B-C  system  and  con¬ 
tracts  to  the  consolute  point  in  this  A-C  system  as  the  temperature  is  increased.  A  change  will  be  observed  in 
the  predominating  system  in  this  temj)crature  interval.  The  nodes  will  turn  gradually  from  their  original  posi¬ 
tion  and  move  toward  the  side  of  the  binary  B-C  system,  tills  effect  being  the  more  pronounced  the  higher  the 
tcmpcratuic  and  the  greater  the  active  mass  of  component  B.  Details  of  such  a  ternary  phase  diagram  are  shown 
in  Fig.  lb. 

Case  3.  Component  interaction  in  both  of  the  binary  gap  systems  must  invariably  produce  conditions  which 
favor  still  other  types  of  interaction  in  tlx:  ternary  system,  f  ormation  of  the  compound:  AC  and  PC  by  chemical 
intcration  between  tlic  components  of  the  A-C,  B-C  systems  (Fig.  Ic)  v'lll  give  rise  to  the  displacement  reaction 
AC  +  B  =  BC  A  in  the  ternary  A-B-C  system.  This  reaction  will  be  represented  geometrically  by  the  trapezoid 
A-AC-BC-B  and  Its  diagonals  A-BC  and  B-AC.  The  point  of  equilibrium  in  this  displacement  reaction  may  be 
shifted  appreciably  In  one  direction  or  the  other  according  to  the  nature  of  the  substances  involved  and  various 
other  factors.  An  extensive  shift  of  the  point  of  equilibrium  in  one  direction  sets  up  the  conditions  for  stability 
of  a  single  diagonal.  A  comparison  of  the  consolute  temperatures  in  the  binary  gap  systems  gives  a  rough  idea 
of  the  displacement  of  the  point  of  equilibrium  in  the  case  under  consideration.  The  greater  the  difference  of 
these  temperatures,  the  more  pronounced  will  be  the  shift  of  the  reaction  toward  the  side  of  that  binary  system 
which  hir  the  lower  consolute  temperature.  Such  physical  chemical  interaction  of  the  components  of  a  ternary 
system  cannot  alter  the  geometrical  form  of  the  region  of  partial  miscibility  or  the  direction  of  the  tic  lines, 
and  the  phase  diagram  must  be  identical  in  every  respect  to  that  which  has  been  given  for  the  preceding  case 
(Fig.  lb). 

It  can  happen,  however,  that  this  teaction  is  reversible  and  the  point  of  equilibrium  is  near  the  center. 

This  condition  gives  diagonals  of  equal  stability,  so  that  the  binary  gap  systems  predominate  to  the  same  degree. 
The  Inevitable  result  is  the  appearance  on  the  A-C  and  B-C  sides  of  two  separate  regions  of  partial  miscibility 
which  expend  as  the  temp>erature  is  lowered.  Moving  toward  one  another,  the  isotherms  of  these  regions  make 
contact  at  their  ternary  critical  points  to  give  a  single  region  of  partial  miscibility  with  tWo  saturated  solution 
curves.  These  latter  have  the  same  general  form  as  the  individual  isotherms  and  are  characterized  by  a  mutual 
concavity  which  gradually  disappears  as  the  temperature  is  reduced. 

The  presence  of  three  predominating  boundary  systems  wlUch  compete  with  one  another  as  the  tempera¬ 
ture  is  reduced  gives  rise  to  a  saddle  formation  in  this  type  of  partial  miscibility  region  (Fig,  Ic),  The  gap  sys¬ 
tems  are  predominant  at,  and  somewhat  below,  their  consolute  tempera tures.and  each  exerts  an  homogenizing 
effect  on  the  opposite  region  of  partial  miscibility.  The  nodes  of  the  individual  regions  of  partial  miscibility 
have  3  tendency  to  turn  toward  these  homogenizing  systems.  The  A-C  and  B-C  systems  lose  their  predominat¬ 
ing  effect  as  the  temperature  is  reduced  and  the  liquid-phase  miscibility  gaps  of  each  system  increase,  the  pre¬ 
dominating  role  being  then  taken  over  by  the  A-B  system.  The  nodes  in  the  isothctmal  sections  of  the  miscibility 
gaps  begin  to  gradually  turn  toward  this  side. 
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Phare  diagrams  of  this  type  should  be  expected,  first  of  all.  In  ternary  systems  whose  binary  gap  systems 
arc  characterized  by  component  Interaction  and  approximately  equal  values  of  the  consolute  temperatures.  It 
nhould  not  be  thoucht.  however,  that  this  Is  a  necessary  condition.  Saddle  formation  can  arise  In  the  region  of 
partial  miscibility  even  with  different  consolute  temperatures  in  me  binary  gap  sysieuis.  piu«td<.d  the  equilibrium 
constant  of  the  leversible  reaction  tends  toward  unity  at  the  lower  of  the  two  consolute  temperatures.  It  Is  easily 
seen  that  this  requhes  different  temperature  coefficients  of  tliermal  stability  for  the  compounds  AC  and  BC. 

We  have  tested  these  theoretical  considerations  on  systems  which  were  selected  with  a  view  to  obtaining 
the  most  Interesting  types  of  ternary  phase  diagrams. 

EXPERIMENTAL 

Freshly  distilled  or  reciystallized  subsrances  whose  physical  constants  were  consistent  with  the  values  given 
In  the  reference  literature  were  employed  In  this  work.  The  study  of  liquid  phase  solubilities  was  carried  out  by 
a  visual  polythermal  method  [12]  and  tie  lines  were  located  by  the  method  of  sections  [13].  Expcrlmenta'ily  de¬ 
termined  values  are  not  given  here,  all  data  being  presented  grapliically  in  the  form  of  polytliemial  and  iso¬ 
thermal  sections  of  the  various  ternary  phase  diagrams. 

The  system  m-nitrobcnzoic  acid— water— phenyl- 
acetic  acid*  involves  the  binary  systems  m-iiitrobcn- 
zoic  acid— water,  phenylacctic  acid— water,  and  m- 
nitrobenzoic  acid— phenylacctic  acid.  Liquid  phase 
solubility  in  the  first  of  these  binary  systems  has  been 
studied  earlier  in  [12,  14],  The  data  of  these  earlier 
authors  show  the  consolute  temperature  to  be  at  107- 
10S.3*.  The  system  phenylacctic  acid— water  has  also 
been  studied  [14],  This  system  shows  a  region  of  partial 
miscibility  with  an  upper  consolute  temperature  of  108*. 
The  literature  contains  no  data  on  the  m-niirol>enzoIc 
acid— phenylacctic  acid  system.  The  components  of 
this  system  have  identical  chemical  functions.and  tlieir 
relations  were  therefore  considered  to  be  close  to  nor¬ 
mal.  The  binary  gap  systems  have  almost  identical 
consolute  tempcraiurcs.and  component  interaction  takes 
place  In  each.  It  is  quite  likely  that  the  acid-base  in¬ 
teraction  between  water  and  tlic  acids  is  stronger  than 
the  interaction  of  the  acids  themselves.  All  of  these  facts  taken  together  Indicate  that  the  conditions  required 
for  the  existence  of  a  clearly  reversible  displacement  reaction  in  the  ternary  system  and  a  resultant  saddle  for¬ 
mation  in  the  region  of  partial  miscibility  are  satisfied.  It  remains  to  confirm  this  conclusion  experimentally. 

Four  poly  thermal  sections  were  studied  in  order  to  establish  the  temperature  and  concentration  limits  of  the 
region  of  partial  miscibility  In  this  ternary  system.  These  sections  passed  thiough  the  water  vertex  of  the  com¬ 
position  triangle.  Polytherms  of  these  sections  are  given  in  Fig.  2  together  with  polytherms  for  the  binary  gap 
systems.  Here  the  weight  percent  of  water  in  the  binary  or  ternary  heterogeneous  mixture  has  been  plotted 
on  the  ixis  ofahscissas,  and  the  temperature  of  passage  Into  a  homogeneous  solution,  on  the  axis  of  ordinates. 

The  method  of  graphic  interpolation  was  used  to  construct  the  isothermal  sections  of  the  ternary  system  which 
are  shown  in  Fig.  3. 

The  system  pheiiyihydrazlne- water— succinonitrile** involves  the  binary  systems  phenylhydrazlne— water, 
water— succinonitrlle,  and  phenylhydrazlne— succinonitrile.  The  first  of  these  binary  systems  has  already  been 
studied  iP  [15].  The  liquid  phase  of  this  system  shows  a  miscibility  gap  with  an  upper  consolute  temperature 
at  55.2*.  It  was  found  that  phenylhydrazlne  interacts  with  water  to  form  a  crystal  hydrate  which  has  the  formula 
2C5HgN2«H20  and  melts  congruently  at  25,7*.  The  miscibility  gap  of  the  system  lies  within  the  field  of  this 
solid  phase.  Hydration  of  phenylhydrazlne  undoubtedly  occurs  above  the  critical  solution  temperature  too. 


wt  ’’io  HjO 

Fig.  2.  Polythcnns  for  the  ternary  system  rn-nitro- 
bcnzoic  acid- water- plictiylacetic  acid.  Poly- 
therms  for  phenylacctic  acid  in  binary  mixtures 
with  m-nitrobcnzoic  acid  (weight  7c);  1)80;  2)  60; 

3)  40;  4)  20;  5)  phenylacetic  acid— water;  6)  m- 
nltrobcnzoic  acid— water. 


•  This  study  was  carried  out  with  R.  A,  Naumova, 

•  •  This  study  was  canied  out  with  L.  L  Denisova. 
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Fig.  3,  Isotherms  for  the  system  m-nitro- 
bcnzclc  acid— wiitcr— phcnylacetic  acid. 


t* 


Fig.  4,  Polytl)crms  of  tlie  ter¬ 
nary  system  phenylhydrazine— 
water— succlnonitrlle.  Poly¬ 
therms  of  nitrile  In  binary  mix¬ 
tures  with  phenylhydrazine 
(weight 'Tfc):  1)  10.4;  2)  40.0; 

3)  66,7;  4)  78.2;  5)  succlno- 
nltrile  -  water;  6)  phenylhy- 
drazlnc— water. 


Fig.  5.  Isotherms  in  the  system  phenyl¬ 
hydrazine—  water—  succlnonitrlle. 

*  This  study  was  carried  out  with  R.  A.  Naumova. 


The  solubility  of  water  and  succinoniirlle  has  been 
studied  in  (16],  The  experimental  data  show  that  this 
system  has  a  miscibility  gap  which  lies  on  the  field  of 
nitrile  crystallization  and  has  an  upper  consol ute  tem¬ 
perature  of  55*.  The  only  solid  phases  detected  were 
those  of  the  componcnts.although  It  Is  quite  lihely  that 
the  liquid  system  contains  products  fiom  component 
association.  No  study  was  made  of  the  third  binary 
system,  phenylhydrazine— succlnonitrlle,  since  we  have 
observed  tliat  tt£se  substances  ate  mutually  soluble  in 
all  proportions  in  the  liquid  state. 

Polythrirms  of  four  sections  were  studied  in  order 
to  establish  tl)e  temperature  and  concentration  limits 
of  tl)c  region  of  partial  miscibility  in  the  ternary  sysu.m. 
These  sections  passed  through  the  water  vertex  of  the 
composition  triangle. 

Tlic  results  arc  presented  In  Fig.  4,  where  the 
polytlsermal  curves  arc  numbered  to  correspond  with 
the  ordering  of  the  sections,  Ciirve  5  belonging  to  the 
region  of  partial  miscibility  In  t!»e  water— succlno- 
niullc  system  and  Curve  6  to  the  corresponding  region 
In  the  system  phcnylhydrazine—water.  Isotherms  for 
the  ternary  system  are  given  in  Fig.  5. 

The  system  phenol— water— Isobutyrlc  acid*  In¬ 
cludes  the  binary  systems  phenol  — water,  isobutyrlc 
acid- water,  and  phenol— isobutyrlc  acid.  Liquid  phase 
solubilities  in  the  first  of  these  binary  systems  have 
been  studied  repeatedly  [17,  18], 

Tills  system  shows  a  miscibility  gap  with  an  upper 
consolutc  temperature  at  66-68*.  Similar  results  have 
been  obtained  from  studies  on  the  isobutyrlc  acid- water 
system  [19,  20].  Complete  inicrsolubility  is  met  here 
at  temperatures  in  excess  of  24.5*.  The  components 
of  the  third  binary  system,  phenol- Isobutyrlc  acid, 
are  completely  miscibile  In  the  liquid  phase.  This 
was  assumed  to  be  a  typical  acid  system  which  would 
differ  from  the  other  two  binary  systems  In  being  free 
of  component  interaction. 

The  temperature  and  concentration  limlu  of  the 
region  of  partial  miscibility  in  the  ternary  system  were 
determined  from  a  study  of  three  polythermal  sections 
and  the  solubilities  in  the  binary  gap  systems.  These 
sections  passed  through  the  water  vertex  of  the  compo¬ 
sition  triangle  and  were  directed  toward  the  side  of  the 
phenol—  isobutyrlc  acid  system. 

Results  of  this  study  of  the  ternary  system  are 
presented  graphically  In  Fig.  6,whlch  also  gives  poly- 
thenns  for  the  binary  systems  phenol— water  and  Iso- 
butyric  acid- water.  Figure  7  gives  certain  isotherms 
from  the  region  of  partial  miscibility  of  the  ternary 
system.  Tie  lines  for  the  35*  isotherm  are  also  in¬ 
dicated  in  this  figure.  These  lines  were  fixed  in  the 
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Fig.  6.  Polythertns  In  the  ternary 
system  Isobutyric  acid— water- 
phenol.  Polytherms  of  phenol  In 
binary  mixtures  with  isobutyric  acid 
(weight Tit);  1)  20;  2)  45;  3)  70; 

4)  phenol— water;  5)  isobutyric 
acid- water. 


Solution  of  iso-C^HsOj  (in 'life) 

Fig.  8.  The  relation  between 
the  index  of  refraction  of  the 
lower  layer  from  heterogene¬ 
ous  mixtures  In  the  system  iso¬ 
butyric  acid- water— phenol 
and  the  composition  of  a  50(^ 
isobutyric  acid  solution.  Ex¬ 
planation  in  text. 


Fig,  7.  Isotherms  of  the  system  Iso¬ 
butyric  acid— water- phenol. 

following  manner.  Various  amounts  of  a  aqueous 
solution  of  isobutyric  acid  were  added  to  weighed  quan¬ 
tity  of  binary  phenol- water  mixtures  containing  20  and 
40  weight  percent  phenol.  The  resulting  heterogeneous 
mixtures  were  held  in  a  constant  temperature  bath  until 
liquid  phase  equilibrium  was  established,  after  which  a 
quantity  of  the  lower  layer  was  removed  from  each  and 
its  index  of  refraction  determined.  The  results  ate  pre¬ 
sented  by  the  cuivc  of  Fig.  8. which  shows  the  dependence 
oi  t!ie  index  of  refraction  on  the  concentration  of  the  iso¬ 
butyric  acid  solution.  This  graph  was  used  to  fix  the  con¬ 
centrations  of  the  conjugate  solutions  in  the  partial  misci¬ 
bility  region  of  the  35*  Isotherm ,  concentrations  of  iso¬ 
butyric  acid  corresponding  to  the  measured  values  of  the 
refractive  index  being  read  off  of  lines  1  and  2.  The 
conjugate  phases  were  obtained  by  plotting  the  values 
thus  found  on  the  composition  triangle  for  the  system 
according  to  section  number,  drawing  straight  lines  through 
these  points,  and  extending  these  lines  to  intersection 
with  the  two  branches  of  the  binodial  curve. 

The  system  n -hexane  ~  aniline  ~  heptane  *  in¬ 
cludes  the  binary  systems  aniline— hexane,  aniline- 
heptane,  and  hexane— heptane.  The  first  two  of  these 
systems  have  already  been  investigated  [21];  each  shows 
a  region  of  partial  miscibility  with  a  consolute  tempera¬ 
ture  in  the  neighborhood  of  69*.  The  components  of  the 
third  system,  liexane— heptane,  are  miscible  with  one 
another  in  all  proportions.  This  Is  the  most  nearly  ideal 
of  all  of  the  binary  systems  treated  here  since  there  is 
absolutely  no  associative -dissociative  interaction  between 
any  of  the  component  molecules. 


The  method  of  polythermal  sections  w,.:  used 
to  study  liquid  phase  solubility  in  the  ternary  system  and 
led  to  the  isothermal  sections  of  the  ternary  system  which  a.''  shc'n  in  Fig,  9.  The  polytherms  of  the  various 
sections  are  not  included  here  since  they  would  coincide  if  plotted  in  this  graph.  Our  data  show  upper  consolute 
temperatures  of  69*  in  the  aniline— hexane  system  and  69,5*  in  the  aniline— heptane  system. 

•  This  study  was  carried  out  with  N.  A.  Totgshina. 
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Fig.  9.  Isotherms  In  the  system  hexane- 
aniline— heptane  and  tie  lines  for  the 
18*  Isotherm, 


Fig.  10,  The  relation  bctwccri  the  Index 
of  refractioa  of  the  upper  layer  from  hetero- 
geneous  mixtures  In  the  system  hexane- 
aniline- heptane  and  the  hexane  content 
along  the  isoconcentrates  of  aniline:  1) 
7C;  2)  60;  3)  50  mole  aniline. 


The  method  of  sections  vas  used  to  fix  the  positions  of  tie  lines  at  18*.  This  was  done  by  preparing  mix¬ 
tures  from  sections  corresponding  to  70,  60  and  50  weight  percent  of  aniline.  Equilibrium  was  established  be- 
t’.veen  the  liquid  phases, and  refractive  indices  then  determined  in  samples  taken  from  the  upper  layers.  The 
results  arc  represented  graphically  In  Fig.  10, 

DISCUSSION  OF  RESULTS 

The  results  of  this  study  of  liquid  phase  solubility  in  various  ternary  systems  are  in  full  agreement  with 
the  theory.  Saddle  formation  Is  observed  in  the  region  of  partial  miscibility  of  each  of  the  first  two  ternary 
systems.  Separate  regions  of  partial  miscibility  exist  in  the  system  nitrobenzoic  acid— water— phenylacetic  add 
but  only  over  an  interval  of  4*.  The  saddle  Is  deeper  In  the  system  phenylhydrazine— water— succinonitrlle.and 
separate  regions  of  partial  miscibility  exist  over  an  Interval  of  30*.  The  narrow  temperature  Interv'al  for  the 
existence  of  separate  two-phase  liquids  in  the  fiist  of  these  ternary  systems  is  obvicudy  due  to  the  fact  that 
component  Interaction  results  in  only  an  Insignificant  reduction  in  the  total  number  of  particles.  Moreover,  the 
acid  hydrates  wliich  are  formed  here  probably  undergo  extensive  electrolytic  dissociation,  whereas  the  same  Is 
not  true  of  the  hydrates  of  phenylhydrazine  or  succinoniuile. 

A  saddle  can  also  be  formed  in  the  region  of  partial  miscibility  of  a  ternary  system  when  component  In¬ 
teraction  occurs  In  the  homogeneous  binary  system.  Actual  Instances  of  such  systems  are  acetic  anhdride- 
water- benzene  [1]  and  acetic  anhydride— water— carbon  disulfide  [4],  The  maximum  liquid  phase  solubility 
In  these  systems  Is  located  exactly  in  the  quasi-binary  sub-systems.  The  situation  was  different  in  our  systems. 
The  minimum  nodes  on  the  Isotherm  of  the  single  miscibility  gap  are  not  located  in  the  same  plane. and  their 
extensions  do  not  pass  through  the  water  vertex  of  the  comp>osition  triangle  but  are  directed  toward  either  tlie 
phenylacetic  acid- water  or  the  succinonitrile— water  systems.  This  indicates  that  the  reaction  of  the  ternary 
systems  is  displaced  toward  one  of  the  binary  systems. 

The  results  of  earlier  studies  of  the  systems  phenol— water— ammonium  rhodanide  [9],  Jiphenylamine— 
sulfur- 8 -napthylamine  [11],  and  salicylic  acid— water— anthranilic  acid  [11]  become  clear  In  the  light  of 
our  own  investigations.  The  form  of  the  miscibility  gaps  in  these  systems  is  not  due  to  chemical  interaction  of 
the  components  of  the  homogeneous  binary  system  (ammonium  rhodanide— water,  diphenylamine— fl-napth- 
thylamine,  or  sallcyclic  acid— anthranlllc  acid),as  claimed  by  these  various  authors,  but  to  the  fact  that  com¬ 
ponent  Interaction  in  the  gap  binary  systems  leads  to  a  reversible  displacement  reactirA. 

A  displacement  reaction  also  occurs  in  tlte  ternary  system  isobutyric  acid— water- phenol.  This  reaction 
Is,  however,  definitely  displaced  toward  the  side  of  the  binary  system  isobutyric  acid— water,where  the  acid- 
base  interaction  is  more  pronounced  than  in  the  phenol— water  system.  The  result  is  that  there  is  a  single  misci¬ 
bility  gap.and  the  curve  of  ternary  critical  points  does  not  pass  through  a  saddle  point.  Two  of  the  binary  gap 
systems  arc  capable  of  entering  into  competition  with  the  homogeneous  system,  but  only  one  of  diese  is  pre¬ 
dominant.  The  position  of  the  tie  lines  makes  diis  situation  quite  obvious. 
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The  ternary  system  hexane- aniline- heptane  Is  specially  interesting.  This  Is  similar  to  the  ternary  systems 
which  have  been  considered  above  in  that  the  cohsolute  temperatures  in  its  binary  gap  systems  are  almost  identi¬ 
cal.  Nevenneiess,  its  sol  •’•jllltj  i>v;l.crrr.:  iz  net  ±r..'  a  f/Mmatinn  hut  are  ideal  straight  lines.  Situations 

of  this  kind  arise  with  normal  component  relations  In  the  homogeneous  binary  system  and  no  component  Interac¬ 
tion  in  the  gap  binary  systems.  The  homogeneous  hexane- heptane  system  is  the  only  one  of  the  binary  systems 
which  Is  predominant.  Study  shows  the  tie  lines  of  the  13*  isotherm  to  fan  out  toward  the  side  of  this  homo¬ 
geneous  system  while  their  extensions  In  the  opposite  direction  pass  through  the  aniline  vertex  of  the  composition 
triangle.  The  geometry  of  the  isothermal  sccnons  of  the  miscibility  gap  is  such  that  the  nodes  would  be  simil¬ 
arly  directed  at  other  temperatures  as  well. 


SUMM  ARY 

1.  Study  has  been  made  of  the  possible  types  of  phase  diagrams  for  ternary  liquid  systems  containing  two 
binary  miscibility  gaps  with  upper  consolute  temperatures.  It  has  been  shown  theoretically  that  two  types  of 
diagram  arc  possible  when  there  Is  no  component  interaction  in  the  third,  homogeneous,  binary  system. 

2.  These  conclusions  were  tested  by  a  study  of  th.e  miscibility  gaps  In  the  ternary  systems  m.-nitrobenzolc 
acid- water- phenylacetic  acid,  phenylhydrazine— water— succinonitrlic,  phenol— water-lsobutyric  acid,  and 
hexane— aniline- heptane.  The  experimental  resuits  were  in  full  agreement  with  the  theory. 
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The  interaction  of  the  stannic  halides  and  alcohols  has  been  investigated  refxsatedly  [1-13],  It  has  been 
shown  that  one  molecule  of  stannic  halide  v/i)l  unite  with  two  alcohol  molecules  [1-7]  and  there  is  evidence  of 
the  existence  of  other  compounds  such  as  SnCl4»3ROH  [7],  SnCli'-lROH  [8,  9]  and  SnCl4*  5kOH  [9]  which  are 
still  richer  In  alcohol.  Tlio  measurements  of  Wertyporoch  and  Altmann  [13]  have  proven  the  conductivity  of 
solutions  of  stannic  clilorlde  in  methyl  and  ethyl  alcohols  to  be  rather  high  (1»10  ^  ohm  ^  cm  *),  These  authors 
ascribe  the  electrical  conductivity  of  such  solutions  to  the  formation  of  complex  compounds.  Conductivity, 
viscosity,  and  density  measurements  have  proven  that  the  conductivity  cf  the  systems  SnCl4—  RCOOH,  SnBr4"" 
R(700H  and  SnCl4  -  RCOOR*  is  due  to  the  formation  of  the  compounds  50X4*  3A  and  60X4*  4A  [14-18],  Ion 
transfer  studies  have  established  the  mode  of  electrolytic  dissociation  of  tl^e  compounds  and  shown  that  th.e 
organic  component  Is  a  constituent  of  both  cation  and  anion  [10,  11],  (^guging  by  analogy.  It  could  be  assumed 
that  compounds  SnX4*3ROH  and  SnX4*4ROH  would  be  formed  in  SnX4-ROH'systctns,where  they  would  dissociate 
to  render  these  systems  conducting. 

The  present  work  is  a  report  of  conductivity,  viscosity,  and  density  measurements  in  the  systems  SnCl4 — 
C2H5OH-C4H6  and  SnCl4-C3H70H-C4H6. 


EXPERIMENTAL 

Stannic  chloride  of  "pure*  grade  was  repeatedly  redistilled  over  P2O5  in  a  distillation  apparatus  equipped 
with  a  fractionating  column.  The  fraction  boiling  at  109*  under  a  pressure  of  694,5  mm  was  distilled  into 
ampules  in  a  special  apparatus  [19],  This  apparatus  had  been  connected  for  several  days  to  a  bulb  containing 
P2O5  in  order  to  remove  the  moisture  of  the  air.  The  benzene  was  purified  by  the  usual  metho-Js  and  had  a 
melting  point  of  5.5*.  The  ethyl  and  propyl  alcohols  were  dehydrated  with  CaO,  subjected  to  further  drying 
over  metallic  sodium,  and  fractionated.  The  ethyl  alcohol  boiled  at  75.9*  (685.5  mm);  its  characteristic  con¬ 
stants  were  (f®4  0,7898,  i^®*^D  1.361(\wliile  the  literature  values  are  d*®4  0,7894,  1,3610,  The  propyl 

alcohol  boiled  at  95,3*  (699,8  mm);  its  characteristic  constants  were  <f®4  0.8039,  r?°D  l,3854,while  the  litera¬ 
ture  values  are  (f\  0,80355,  rf®D  1,38533,  The  purified  alcohols  were  stored  in  sealed  ampules.  The  experi¬ 
mental  techniques  have  been  described  earlier  in  [20],  Preparation  of  the  mixtures  and  loading  of  the  apparatus 
for  the  various  measurements  were  carried  out  in  a  special  P205-dried  hood  from  which  the  external  air  was 
excluded, 

1,  The  electrical  conductivity,  viscosity,  and  density  were  measured  in  the  SnCl4— C2H5OH  system  at 
two  temperatures  (40  and  60*)  and  at  two  dilutions  (50  and  70  mole<^  CgH*).  The  results  of  these  measurements 
are  shown  in  Table  1,  Composition- proper  ty  diagrams  are  given  in  Fig,  1,  This  figure  shows  that  the  isother¬ 
mal  viscosity  curves  corresponding  to  various  concentratirxis  of  C5H4  pass  through  a  maximum  at  30-33  mole 
percent  SnCJi.  The  viscosity  falls  as  the  temperature  is  increased  or  the  benzene  content  is  raised,  but  the 
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jnt  Z<,molc  '!c  CiH^DH  SnCUvno\c*l<C^HiDh  SnCh,  uiole^cCjZ/^Z?// 


Fig.  1.  Fig.  2. 

Fig.  1.  Property  —  compositiori  diagrams  for  the  system  SnCl^— C2H5OH-C5H8: 
a)  curves  of  constant  concentration,  50  mole‘7o  Cglig;  b)  curves  of  constant  con¬ 
centration,  70  mole-7c  CgHg. 

Fig.  2.  Property  —  composition  diagrams  for  the  system  SnCl^— C3H2OH— CjHj 
(constant  concentration  curves,  70  mole  CjHe). 

position  of  the  maximum  remains  unchanged.  The  form  of  these  curves  and  the  value  of  the  constant  B  (  n  = 

=  both  point  to  the  formation  of  SrC14*2C2H50H,  a  compound  which  has  been  described  earlier  [1-6], 

The  conductivity  of  solutions  of  stannic  chloride  in  ethyl  alcohol  is  rather  high  (k^  =  4»  10"*  ohm”*  cm”*). 
The  specific  ccnductivitv  increases  as  ethyl  alcohol  is  added  to  the  stannic  chloride,  quite  slowly  up  to  70  mole 
percent  SnCl4  and  then  rapidly,  up  to  a  maximum  at  22-26  mole  percent  SnCfi;  beyond  this  point  the  conduc¬ 
tivity  drops  off  sharply.  The  maximum  in  the  specific  conductivity  is  displaced  slightly  in  the  direction  of  the 
alcohol  by  an  increase  in  the  temperarare.  The  general  form  of  these  isotherms  remains  unaltered  when  viscos¬ 
ity  corrections  are  introduced.  The  maximum  on  the  corrected  conductivity  curve  comes  at  25  mole  percent 
SnCli  which  marks  the  composition  of  that  1:  3  compound  which  is  responsible  for  the  conductivity  shown  by 
the  system. 

Thus  the  conductivity,  viscosity,  and  density  measurements  in  the  SnCl4—C2H50H  system  were  extended 
to  cover  the  entire  concentration  range  by  transferring  the  system  Into  a  solvent— benzene.  These  measurements 
confirmed  the  existence  of  the  compound  SnCi^*  2C2H5OH  and  disclosed  the  formation  of  a  second  compound,of 
the  composition  SnCl4*3C2HcOH. 

2.  The  conductivity,  viscosity,  and  density  were  measured  in  the  SnCl4— C3H7OH  system  at  three  tempera- 
trires  (20,  40,  and  60*)  and  at  a  single  dilution  (70  mole  Tt  The  results  of  these  measurements  are  pre¬ 

sented  in  Table  2  and  Fig.  2. 
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Properties  of  the  System  SnCl^—CjMsOH^CgH# 


Mole  7c  i 
SnCl^  1 
(without  1 
allowanc^ 

Viscosity  (ui  ccuii-  1 
poise) 

t  my  1 

uensLiy  vg/  j 
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40® 

GO® 
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— 

Isoconcentrate,  70  moleTl;  CjHg 

0.(H( 

0.iS12 

o.OOss 

0.S3S1 

O.S174 

_ 

_ 
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— 
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— 
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_ 

— 
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— 
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Figure  2  shows  that  the  viscosity  isotherms  in  the  SnCl^— C3H7OH  system  pass  through  a  maximum  at  a 
composition  of  32-30  mole  percent  of  SnCf*;  this  would  correspond  to  the  formation  of  a  compound  SnCl4* 
•2C3H7OH,  maximum  is  displaced  slightly  toward  the  propyl  alcohol  with  increasing  temperature.  The 
formation  01  me  compound  SnCl^ *  2C3H7OH  Is  also  indicated  by  the  fact  the  curve  showing  the  dependence  of 
B  on  composition  passes  through  a  maximum  at  33  mole  percent  SriCl^.  The  SnCi^— CsHtOH  system  resembles 
the  SnCl4— C2HSOH  system  in  showing  high  electrical  conductivity.  The  specific  conductivity  isotherms  pass 
through  a  maximum  at  25  mole  percent  SnCl4.  The  specific  conductivity  increases  with  rising  temperature  and 
the  maximum  moves  toward  the  propyl  alcohol.  The  corrected  conductivity  isotherms  also  pass  through  a  maxi¬ 
mum  at  26-27  mole  percent  SnClj.  The  position  of  this  maximum  points  to  the  formation  of  the  compound 
SnCl4  •  3C3H7OH. 

Thus  it  can  be  concluded  that  the  compounds  SnCl4  •  2C3H7OH  and  SnCl4»  3C3HyOH  are  formed  in  the 
SnCi^— C3H7OH  system, 

DISCUSSION  OF  RESULTS 

Physical  chemical  analysis  of  the  liquid  phases  of  the  SnCl4-C2H50H-CeH  and  SnCl^-CsHTOH-CjHj 
systems  has  shown  that  complex  formation  leads  to  compounds  of  the  general  formula  SnCl4*2ROH  and  SnCl4* 

•  3ROH  in  each. 
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TABLE  2 


Properties  of  the  System  SnCl4-C3H70H-Cgf^  (isoconcentrate,  70  mole<^t  CgHs) 
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TABLE  3 

Specific  Conductivity  of  Solutions  of  SnCl^  in  Ethyl  Alcohol 


Cur  data 


mole  ^ 
SnCl, 


mole  <yc 
SnCl, 


Data  of  Rogov  ( 9] 

I  K*i(^ 


S.  V.  Rogov  [9]  has  measured  the  conductivity,  viscosity,  and  density  of  solutions  of  stannic  chloride  in 
ethyl  alcohol,  working  over  the  range  of  concentrations  from  1.15  to  24.9  mole  ^  SnCii,  and  nas  concluded 
that  a  compound  of  the  composition  SnCij *402115011  is  formed  here.  In  his  opinion,  the  existence  of  this  com¬ 
pound  gives  rise  to  a  singular  point  in  all  property-composition  diagrams. 

We  decided  to  check  Rogov*s  data  since  our  own  gave  no  indication  of  the  existence  of  a  1:  4  compound. 
A  comparison  of  our  measurements  of  the  specific  conductivity  with  those  of  Rogov  is  given  in  Fig.  3  and  in 
Table  3.  Our  data  indicates  that  the  conductivity  of  the  solution  of  stannic  chloride  in  ethyl  alcohol  is  less 
than  that  reported  by  Rogov  by  a  factor  1: 1.5.  We  were,  moreover,  unable  to  make  measurements  over  the 
concentration  interval  from  15  to  25  mole  ^  SnCii  since  crystallization  invariably  occured  in  this  range. 
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This  comparison  makes  it  clear  that  we  were  unable  to  reproduce 
Rogov’s  measurements  on  the  electrical  conductivity.  It  also  seems  doubt¬ 
ful  to  us  that  singular  points  occur  on  the  property-composition  diagrams 
H#»veloDed  by  Pnaov.  Singular  points  corresponding  to  a  compound  of  the 
composition  SnCl4* -ICjHsOH  would  certainly  be  detected  on  the  prop¬ 
erty-composition  diagrams  for  the  ternary  system  SnCl4— CjH^OH— CjH|. 
li  they  existed  at  all.  It  can  be  seen  that  no  such  singular  points  appear 
on  the  viscosity  and  conductivity  diagrams  which  we  have  developed.  In 
actuality,  such  points  are  not  even  to  be  found  on  the  Rogov  diagrams. 

A  comparison  of  the  corrected  electrical  conductivities  In  the  sys¬ 
tems  SnCU-CjHsOH-Celle  (I)  and  SnCl4-CjH70H-C,lie  OD  Is  made  in 
Fig.  4.  Curve  I  of  tliis  figure  lies  above  Curve  Il.and  the  corrected  con¬ 
ductivity  is  therefore  higher  in  the  SnCl^— C2H5OH— C5K5  system  than  in 
the  SnC!4— C3H7OH— Cgilj  system.  This  indicates  a  diminution  in  the  de¬ 
gree  of  chemical  interaction  in  passing  from  C2H5OH  to  C.HjOH.  In  other 
words,  ethyl  alcohol  is  oxidized  more  readily  than  propyl  alcohol  under 
the  action  of  the  highly  charged  Sn"^*  Ions, 

We  have  observed  a  similar  diminution  in  the  degree  of  acid-base 
interaction  with  increasing  length  of  acid  or  alcohol  radical  in  the  case 
of  other  carboxylic  acids  [15,  IG]  and  their  esters  [17,  18], 

SUM  MARY 

1.  Conductivity,  viscosity,  and  density  have  been  studied  in  the 
SnCi4— CjHsOil—CgUg  system  at  40  and  GO*  with  50  and  70  mole<5t  added 
CgH^;  these  same  characteristics  have  been  studied  in  the  SnCl4— CjH^OH— 
Cghfi  system  at  20,  'lO,  and  GO*  with  70  mole  %  added  C5H4. 

2.  It  has  been  shown  that  the  viscosity  isotherms  indicate  the  for¬ 
mation  of  tl»e  compounds  SnCl4*  2C2H5OH  and  SnCl4*  2C3H7OH, 

3.  It  has  also  been  concluded  that  the  compounds  SnCl4*  SC^HjOH 
and  SnCl4*  3C3H7OH  are  formed  in  these  systems.  We  believe  these  com¬ 
pounds  to  be  responsible  for  the  electrical  conductivity, 
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mole  ’’Jo  Sn  CI4, 

Fig,  3,  Specific  conductivity  in 
the  binary  system  SnCl4—C2H50H: 
I)  data  of  Rogov;  II)  our  data. 


Fig.  4.  Corrected  conductiv¬ 
ities  In  tlic  SnCl4— C2H5OH  (I) 
and  SnCl4-C3H70H  (II)  sys¬ 
tems  (isoconcentratc,70mole 
‘Ic  CjH*!. 
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Wc  have  tested  the  cryoscoplc  method  for  determining  molecular  weights  by  using  It  to  obtain  molecular 
weights  of  noimal  paraffin  hydrocarbons  whose  molecules  contain  26  or  more  carbon  atoms.  Concordant  results 
did  not  always  follow  from  parallel  experiments  with  different  solvents  (benzene  in  the  one  case  and  naphthalene 
In  the  other).  Tliesc  deviations  between  the  experimentally  determined  and  the  calculated  molecular  weights 
were  due  to  the  limited  solubilities  of  the  pure  high-molecular  normal  paraffins  in  both  benzene  and  naphthal¬ 
ene,  so  that  the  concentration  of  dissolved  hydrocarbon  was  low  and  the  freezing  point  depression  infinitesimally 
small.  The  dissolved  liydrocarbon  would  often  begin  to  crystallize  out  much  earlier  than  the  solvent,  even  in 
cases  where  the  hydrocarbon  coricenrration  was  satisfactorily  high.  These  two  factors  were  res|X)nsible  for  a  high 
experimental  error. 

The  pronounced  solvent  action  of  camphor  led  us  to  employ  the  Rast  method  [1,  2]  for  determining  the 
molecular  weights  of  individual  solid  paraffins.  The  results  did  not  agree  with  theoretical  calculations.  This 
lack  of  agreement  v/as  due  to  the  fact  that  the  melt  obtained  by  fusing  camphor  and  the  working  material  to¬ 
gether  in  a  capillary  was  not  homogeneous, 

Karlsolin  [3]  has  retained  the  principle  of  the  Rast  method  but  so  modified  the  technique  that  it  is  the 
initial  freezing  point  which  is  observed  rather  than  the  melting  point,  the  preliminary  fusion  of  the  camphor 
and  the  working  substance  and  the  measurement  of  the  freezing  temperature  being  carried  out  on  the  entire 
charge  in  a  single  tube.  Such  operating  conditions  rather  effectively  eliminate  the  possibility  of  non-homo¬ 
geneity  in  the  melt.  Alulse  [4]  later  applied  this  method  to  the  determination  of  the  molecular  weights  of  the 
deeply  colored  products  resulting  from  condensation  of  organic  compounds,  using  an  apparatus  of  his  own  design. 

We  have  tested  this  modified  version  of  the  Rast  method.  It  was  found  that  the  correct  value  of  the  molec¬ 
ular  weight  could  be  obtained  from  freezing  point  depression  measurements  v/!iich  were  carried  out  in  the  course 
of  a  single  day.  The  freezing  point  depression  of  a  given  charge  was  lower  on  the  second  and  on  subsequent 
days  than  it  had  been  on  the  first,  and  the  molecular  weight  was  proportionately  higher.  This  effect  was  ob¬ 
served  in  a  number  of  pure  normal  paraffin  hydrocarbons  of  high  molecular  weight  (containing  more  than  26 
carbons  per  molecule)  and  in  fractions  of  solid  petroleum  paraffins.  It  was  also  found  that  the  experimentally 
determined  and  calculated  molecular  weights  would  still  agree  if  the  charge  of  camphor  and  hydrocarbon  had 
not  been  heated  on  the  preceding  day.  A  more  detailed  study  of  these  effects  was  not  undertaken, 

EXPERIMENTAL 

The  synthetic  camphor  (racemate)  which  was  used  as  solvent  had  been  twice  recrystallized  from  alcohol 
and  then  resubiimed;  its  melting  point  was  177, T, 

The  cryoscopic  constant  of  this  camphor  was  obtained  with  n- dichlorobenzene  whose  purity  had  been 
checked  thermographically;  its  value  proved  to  be  40,27, 
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Diagram  of  apparatus  for  molecular  weight  determinations  1)  Elec¬ 
trical  heater;  2)  stirrer;  3)  ampule;  4)  capsule;  5)  voltage  stabilizer; 
6)  automatic  transformer;  7)  viewing  lamp. 


Experimental  procedure.  EighttotenmilUgramsofiheworklng  material  was  mixed  with  ten  times  this 
weight  of  pure  camphor  in  a  glass  ampule.  A  capsule  containing  lead  shot  was  then  introduced  Into  the  ampule 
and  the  latter  scaled.  The  same  operations  were  carried  out  on  a  second  ampule  which  contained  camphor 
alone.  This  arrangement  assured  the  formation  of  a  very  thin  liquid  film  between  the  ampule  and  the  capsule 
so  that  the  appearance  of  the  first  crystals  during  reduction  of  the  bath  temperatute  could  be  detected  readily. 

Both  ampules  were  firmly  screwed  onto  a  special  stirrer  which  was  Inserted  In  a  three-iicck  flask  contaln- 
ing  glycerine.  The  crystallization  temperature  was  measured  on  two  0.2*  thermometers,  each  placed  as  closely 
as  possible  to  one  of  the  ampules.  The  bath  was  set  Into  a  covered  conical-form  elecrncal  heater  from  which 
the  lower  portion  of  the  cone  had  been  cut  away.  An  electric  lamp  was  Inserted  into  this  lower  opening  to 
assure  good  visibility  of  the  crystallizing  material. 

The  temperature  was  regulated  by  an  automatic  laboratory  transformer.  A  sketch  of  this  apparatus  is  given 
In  the  figure.  The  bath  temperature  was  maintained  5-10*  above  the  melting  point  of  the  camphor.  The  con¬ 
tents  of  the  ampule  were  mixed  for  10-15  minutes  prior  to  beginning  the  experiment  and  the  heaters  then  turned 
on.  The  temperature  at  which  the  first  crystals  appeared  was  noted  as  the  initial  crystallization  point.  The 
freezing  point  of  the  pure  camphor  was  measured  at  the  same  time.  Each  determination  required  40-5U  minutes 
and  was  repeated  several  times.  For  simplicity,  only  three  or  four  measured  values  of  the  depression  are  given 
in  the  table.  The  molecular  weight  was  calculated  from  the  well-known  equation: 

yf  _  K  •  HKH) .  A 
■"  A/’.L  • 

in  which  K  is  the  cryoscopic  constant.  A  is  the  weight  of  working  material,  At  is  the  freezing  point  depression, 
and  L  is  the  weight  of  the  solvent. 
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Data  from  determlnaticns  of  the  molecular  weights  of  a  number  of  Individual  hydrocarbons  are  given  in 
tlie  table.  The  molecular  weights  of  narrow  fractions  (M  ranging  from  260  to  770)  of  petroleum  paraffins  which 
had  been  separated  by  molecular  cistuiation  couid  be  rcproviuccu  wlili  <ta  accuracy  of  2*3'%. 

SUMMARY 

A  modification  of  the  Rest  method  has  been  tested  and  gave  entirely  satisfactory  values  for  the  molecular 
weights  of  solid  hlgh-molecuiar  hydrocarbons. 
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XVI.  AROMATIZATION  Or  HALOGEN  SUBSTITUTED  TETRAHYDROPHTHALIC 
ACIDS  (ADDUCTS  OF  DIENE  SYNTHESIS)  UNDER  THE  ACTION  OF 
PHOSPHORUS  PENTOXIDE 

V.  R,  Skvarchenko,  R.  Ya.  Levir.a,  and  E.  M.  Belyavskaya 
Moscow  State  University 

Translated  from  Zhurnal  Obshchel  Khimil,  Vol,  30,  No.  11,  pp.  3535-3541, 
November,  1960 

Original  arricle  submitted  December  17,  1959 


The  aromatlzatlon  reaction  of  teirahydrophthalic  acids  and  their  anhydrides  (adducts  of  diene  hydrocarbons 
with  maleic  anhydride,  its  hotnologs  and  cyclic  analogs)  under  the  action  of  pliosphorus  pentoxide  has  been  used 
by  us  until  now  for  the  preparation  of  hydrocarbons  with  a  benzene  ring  (of  the  benzene,  tetralin,  indan,  and 
phcnantlircne  series  [1]),  but  not  of  their  derivatives. 
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In  the  present  work  we  show  that  tills  reaction  is  given  by  halogervsubstituted  teirahydrophthalic  acids  and 
their  anhydrides—  the  adducts  of  halogen-substituted  dienes  with  maleic  and  methylmalcic  anhydrides.  Thus, 
4-chloro-l,2,3,6-tetrahydrophthalic  anhydride  (I)  (the  adduct  of  chloropreiie  and  maleic  anhydride)  upon  heat¬ 
ing  with  phosphorus  pentoxide  Is  converted  to  chlorobenzene  (II)  (yield,  45*%)  with  loss  of  water  and  two  molec¬ 
ules  of  carbon  monoxide.  An  analogous  reaction  with  4-bromo-l,2,3,6-tetrahydrophthalIc  acid  (in,  obtained 
by  hydrolyzing  the  adduct  of  bromoprene  with  maleic  anhydride)  ied  to  bromobenzene  (IV;  yield  42<5t), 
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4,5-Dichloro-l,2,3,6-tctrahydrophthalic  acid  (V,  from  the  adduct  of  2,3-dichloro-l ,3-butadiene  wldi 
maleic  anhydride)  was  converted  by  heating  with  phosphorus  pentoxide  to  o-dichlorobenzene  (VI;  yield  S0<]b), 
identified  by  its  constants  and  the  melting  point  of  its  sulfamide. 
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The  diene  synthesis  with  chloroprene  and  methylmaleic  anhydride  has  not  been  yet  described.  This  reac¬ 
tion  succeeded  under  the  conditions  we  set  up  for  the  experiment  (heating  of  the  reactants  In  propionic  acid  for 
17  hr);  the  basic  product  was  4-cmoio-2-iueii»yi-l,2,3,u-ifciiohydroph:hclic  zcid  (V!!),  1.*?.,  •mcra*  addnct 
(yield  51<7c),  The  structure  of  this  adduct  (VII)  Is  proved  by  Its  conversion  upon  heating  with  phosphorus  pent- 
oxide  to  m-chlorotoluene*  (Vin  ,  yield  47.5 )t),  identified  by  the  melting  point  of  its  sulfamlde  and  Its  oxida¬ 
tion  to  m-chlorobenzolc  acid  (p-chiorobcnzoic  acid  could  not  be  detected). 


CII, 


>(, - * 


,—COOll 

(MI) 


(Mil) 


The  study  of  the  infrared  absorption  sf>ectrum  of  the  chlorotoluene  thus  obtained  showed  that  It  contained 
traces  of  p-chlorotolucne  (beside  the  absorption  bands  in  the  region  of  680  and  774  cm"*,  characteristic  for  the 
meta  isomer,  there  were  also  absorption  bands  in  the  region  of  808  and  732  cm"*,  characteristic  for  the  para 
Isomer);  however,  the  p-chlorotoluene  content  was  io  insignilican:  that  it  could  not  be  detected  by  chemical 
means. 


The  condensation  of  chloroprene  with  various  dienophlles  of  unsymmetric  structure  Is  described  in  the 
literature  [2];  in  all  cases  the  reaction  products  were  the  so-called  "para"  adducts,  l.c.,  adducts  with  substituents 
in  1,4 -positions.  The  preferential  formation  of  the  "meta"  adduct  during  the  reaction  of  chloroprene  with 
methylmaleic  anhydride  can  he  probably  explained  by  the  fact  that  we  prepared  it  by  heating  In  propionic  acid, 
while  the  "para"  adducts  of  chloroprene  described  previously  have  been  obtained  by  heating  in  non-polar  sol¬ 
vents  (benzene,  toluene). 


A  further  study  of  the  behavior  of  halogen-substituted  tetrahydrophihalic  acids  toward  phosphorus  pent- 
oxide  gave  unexpected  results:  Thccliloro-substituted  mcthyltetrahydrcphthalic  anhydride  with  the  s<ime  posi¬ 
tion  of  chlorine  atom  in  the  ring,  but  with  a  different  position  of  the  methyl  group  than  in  the  adduct  (VII),  viz,, 
5-cliloro-4-ircthyl-l,2,3,6-tetr3hydrophthalic  anhydride  (IX,  adduct  of  methylchloroprene  with  maleic  anhy¬ 
dride)  gave.  Instead  of  tliC  expected  o-chlorotoluene,  p-toluic  acid,  identified  by  the  melting  point  of  its 
p-bromophenacyl  ester. 


-i-i  >o 

1  4-  CO  -f  iici 

J-CO 

j-CO 

rii  1  • 

(IX) 

(X) 

Therefore,  In  this  reaction  one  molecule  of  hydrogen  chloride  and  one  molecule  of  carbon  monoxide 
were  split  off. 

Further,  it  appeared  that  such  an  anomalous  course  of  the  reaction  is  also  displayed  by  other  halogen-sub¬ 
stituted  tetrahydrophthalic  acids.  Thus,  to  give  an  example,  2-chloro-l,2,3,6-tetrahydrophthalic  anhydride (XI, 
adduct  of  divinyl  with  chloromaleic  anhydride)  and  3-bromo-l,2,3,6-tetrahydrophthalic  anhydride  (XIV,  ob¬ 
tained  by  bromination  of  tetrahydrophthalic  anhydride  with  N-bromosuccinimide)*  •  are  converted  upon  reac¬ 
tion  with  phosphorus  pentoxide  to  benzoic  acid  (XIH);  however.  In  these  two  cases  (in  distinction  to  the  preced¬ 
ing)  one  could  isolate  from  the  reaction  products  also  the  corresponding  haloanhydrides  of  benzoic  acid  (XII, 
XV),  With  the  help  of  specially  designed  experiments,  it  was  proved  that  the  formation  of  the  haloanhydrides 
of  benzoic  acid  is  not  due  to  the  reaction  of  benzoic  acid  with  hydrogen  halides  in  the  presence  of  phosphorus 
pentoxide. 


•  It  has  been  shown  that  even  upon  prolonged  heating  (under  reflux),  phosphorus  pentoxide  docs  not  provoke 
isomerization  of  either  m-  or  p-chlorotoluene. 

*  •  3-SubstItuted  halogen  derivatives  of  tetrahydrophthalic  anhydride  cannot  be  obtained  by  reaction  of  1-halo- 
1, 3-butadienes  with  maleic  anhydride  [3], 
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It  follows  that  halogen-substituted  letrahydrophthalic  acids  and  their  anhydrides  do  not  undergo  aromatlza- 
tlon  (under  tiie  influence  of  phosphorus  pentoxide)  according  to  the  normal  scheme  (i.e,,  with  the  formation  of 
arylhalogenidcs)  If  they  easily  split  off  a  hydrogen  halide. 

EXPERIMENTAL 

4-Chloro-l,2.3.6-tctraliydrophihalic  anhydride  (1).  Chloroprcnc  (44  g)  and  maleic  anhydride  (49  g)  were 
cautiously  heated  to  60*  In  the  presence  of  hydroquinone  (0.1  g)  in  a  flask  fitted  with  a  reflux  condenser;  after 
the  spontaneous  boiling  had  subsided,  the  mixture  was  allowed  to  stand  overnight.  The  anhydride  (I)  which 
separated  outfyield  75  g  (76.5 ‘^c),  not  described  in  the  literature]  melted  at  60*  after  recrystallization  from 
petroleum  ether. 

Found C  51.22,  51,31;  H  3.65,  3.S8;  Cl  19.13,  19.25.  CgHjOijCl.  Calculated'^;  C  51.47;  H  3.75; 

Cl  19.03. 

Heating  of  the  anhydride  (I)  wltn  water  gave  4-chloro-l,2,3,6-tetrahydrophihalic  acid,  m.  p.  172*,  which 
is  consistent  with  the  published  data  [4], 

4-Dromo-1.2,3,6-:ctrahydrophthalic  acid  (HI).  Bromeprene  (20  g,  b,  p,  75-77*,  tT*®D  1.4991,  obtained  by 
the  action  of  potassium  hydroxide  on  3,4-dibronio-l -butene  [5]),  and  maleic  anhydride  (12  g)  were  slightly 
heated  on  a  water  bath  in  the  presence  of  hydroquinone  (0.1  g);  after  the  maleic  anhydride  had  dissolved,  the 
mixture  was  allowed  to  stand  overnight.  It  was  then  heated  for  2  hr  on  a  boiling  water  bath,  and  the  unreacted 
bromoprene  was  distilled  off  under  reduced  pressure  (200-220  mm).  The  residue  thus  obtained  was  dissolved  in 
a  large  volume  of  benzene,  the  benzene  solution  extracted  with  2N  sodium  hydroxide  solution,  and  the  aqueous 
extract  neutralized  with  concentrated  hydrochloric  acid.  Concentration  of  the  solution  led  to  the  separation  of 
the  acid  (III)  melting  at  175*  (reported  in  the  literature  [6]:  m.  p.  176.6*), 

4,5-Dichloro-1.2,3,6-tetrahydrophthalic  acid  (V).  2,3-Dichlorobutadicne  (15  g,  b,  p.  40-42*  (80  mm), 

1.5010, prepared  from  vinylacctylene  [7])  and  maleic  anhydride  (12  g)  in  dry  benzene  (200  ml)  were  heated 
in  an  autoclave  (100*,  7  hr)  in  the  presence  of  hydroquinone  (0,1  g).  The  crystalline  mass  formed  after  c(x>ling 
the  mixture  and  distilling  off  the  solvent  was  boiled  with  10  times  its  weight  of  water.  4,5-DIchloro-l, 2,3,6- 
tetrahydrophthaiic  acid  (V)  which  separated  out  [yield  20  g  (74<7c)l  melted  after  recrystallization  from  aqueous 
alcohol  at  230*  (reported  m,  p.  228*  [7]). 

4-Chloro-2-mcthyl-l,2,3,6-tetrahydrophthalic  acid  (VII).  Chloroprene  (12  g)  and  methylmaleic  anhydride 
(30,4  g,  twofold  excess)  in  propionic  acid  (50  ml)  were  teflaxed  for  17  hr  in  the  presence  of  hydr(X)ulnone  and 
picric  acid  (0,1  g  of  each).  The  propionic  acid  and  excess  of  methylmaleic  anhydride  were  distilled  off  in 
vacuum.  The  adduct  boiling  at  160-165*  (10  mm)  was  then  distilled,  dissolved  in  2N  sodium  hydroxide,  boiled 
with  activated  charcoal,  and  treated  with  concentrated  hydrochloric  acid  to  precipitate  4-chloro-2-methyl- 
1,2,3,6-tetrahydrophthalic  acid  [VII,  yield,  15  g  (51<7e)  m.  p.  157*,  not  described  in  the  literature]. 

Founder  C  49.69,  49.42;  H  5.12,  5.18;  Cl  15.65,  15.76.  CjHuOgCl.  Calculated ‘5fc:  C  49.45;  H  5.07; 

Cl  16.23. 
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Data  concerning  the  reaction  of  cWoroprene  with  mcthylmalcic  anhydride  under  different  condition*  are 
given  in  tfie  following  table. 


Reaction  of  Chloroprcne  witli  Meihyltnalelc  Anhydride 


Proportions 
of  the  re¬ 
actants 

Solvent 

Temperature 

Reaction 

time 

(Ilf) 

Yield  of 
tite  adduct 

Ck) 

1:1 

V/ithout  solvent 

60-70* 

3 

— 

1:1 

Without  solvent 

100 

6 

- 

1:1 

V/Ithout  solvent 

50  (in  autoclave) 

12 

— 

1: 1 

V/Ithoul  solvent 

BO  (In  autoclave) 

15 

15.5 

1:3 

Propionic  acid 

Boiling  point  of 
the  mixture 

17 

43,5 

1:2 

Propionic  acid 

1 

Bolling  point  of 
the  mixture 

17 

51.0 

.‘>-Chloro-4-mcthyl  •1.2,.‘’{,r,-tctfaliydrophthal!c  anhydride  (fX).  f/ethylchloroprene  (2R  g,  m.  p.  02-95*  at 
751  rnm,  l.dfiRO,  prepared  from  dirnethylcthynylcarbinol  [B]),  and  rnaJelc  anhydride  (27  g)  In  dry  toluene 
(50  ml)  were  heated  for  7  hr  (In  tfjc  presence  of  hydroqulnone).  The  reaction  mixture  was  cooled  to  room  tem- 
jjcrature,  diluted  v/lth  a  large  volume  of  j)Cfroleum  ether,  and  cooled  to  0*.  Tfic  crystalline  adduct  (fX)  which 
separated  out  (50  g,  OO”^.)  v/as  distilled  in  vacuum  fh,  p.  17G-17R*(5  rnm)]  and  rccrystalll/.cd  frr>m  petroleum 
ether;  rn.  p.  70*.  Pcpr»rtcd  \'f]:  rn.  p.  79-BO*,  b.  p.  190*  (15  rnm), 

l-fMilorr>-l  ,2,9.0-tetrahydrophthallc  anhydride  (XI).  Chloromalelc  anhydride  (BB  g)  (obtained  by  a  scries 
of  rear  tions  from  tartaric  acid  f  lOj),  divinyi  (20  ml),  and  rlry  l>cn/-cnc  flOO  rnl)  together  with  small  amounts  of 
hydr'^Kliiinraic  (0,2  g)  and  picric  acid  (0,5  g)  v/erc  left  to  stand  at  room  tcrnf"craturc  in  a  stop[)crcd  flask  for  7  days. 
The  resIdiK:  obtained  after  evaporation  of  l)en/,enc  was  rlistillcd  in  vacuum,  giving  20  g  of  4-chloro- 

1 ,2,9,0-tctrahydrr)phihalic  arihydrific  (XI),  b.  p.  105-110*  (2  rnm).  pepr^rted  b.  p.  (11):  115*  (5  mrn), 

ft-^mmo-l  ,2,r{,G-rcirahydrophthalic  anhytlridc  (XfV).  A  mixture  of  A.'-tcTrahydrophthallc  anhydride 
(15.2  g,  rrr.  p.  101  -109*,  f<f>talned  from  diviriyl  and  rnalcic  anhydride  [12]),  and  *J-brorrirjsiK;clnlrnlrlc  (IB. 3  g, 
rn.  p.  175*)  In  dry  chlorf>f(<rm  (75  ml)  was  licated  to  boiling.  The  rcactlf>n  was  considered  to  he  cornplclcd  when 
a  sample  of  the  mixture  gave  a  negative  test  for  active  hrrrfninc  with  a  sr>lutlon  of  potassiurrt  Iodide.  The  suc- 
clnlrnide  formed  was  filtered  rrff,  the  chloroform  removed  by  distillation  In  vacuum,  and  tire  thick  mass  thus 
obtained  was  washed  with  a  large  amount  of  pctrrdcum  ether  (to  remove  the  starting  anhydride).  3-I5romo- 
2,3,r,-tctrahydrophtliaHe  anhydride  (XfV)  Isolated  by  this  procedure  was  inarV,  to  react  with  phosphorus  pcnioxldc 
witlrmit  further  purification.  It  was  not  possible  to  purify  this  anhydride  by  rccrystalli/sation  or  distillation  Ir; 
vacuum,  as  it  split  off  hydrogen  bromide  even  upon  slight  licating. 

Reaction  of  the  F»rcparcd  Anhydrides  and  Acids  with  Phosphorus  Pentox  Ide 

4-f;hlofo-l  ,2.3,G-tctrahydrophthalic  anhydride  (f)  (20  g)  and  pfKJSphorus  pentoxide  (15,2  g)  were  gradu¬ 
ally  heated  on  a  njctal  bath  to  150-200*  (the  reaction  was  accompanied  by  strong  evolution  of  carbon  monoxide); 
lire  ehloroh  nxcnc  (II)  thus  formed  was  Immediately  distilled  off,  submitted  to  steam-distillation,  dried  over 
calcium  chloride,  and  redistilled.  Yield,  5.5  g  (45'?t). 

B.  p.  130-131*  (7C0  m:n),  ft*®D  1.5239,  1.1050;  sulfonamide  derivative  m.  p.  144-145*  (from  aqueous 

alcohol),  gives  no  m,  p.  dcpicsslc>n  when  mixed  with  the  sulfonamide  of  an  authentic  sample  of  chlorobenzene. 
Reported  In  tic  literature  (13);  b.  p,  132-133*(correctcd),  n*®D  1.524B,  \  1.1056. 

4-nromo-1.2,3,5-tetrahydrophthalie  acid  (III)  (5,5  g)  under  analogous  conditions  (with  7.4  g  of  phos¬ 
phorus  pentoxide)  was  converted  to  bromobcnzcnc  (IV)  (yield,  1,7  g  (42.57:)),  the  sulfonamide  derivative  of 
which  melted  at  159-150*  (from  diluted  alcohol).  Reported  m.  p.  151,5*  (14). 

4,5-Dlchloro-l  ,2.3,5-tetrahydrophthaHc  acid  (V)  (18  g),  when  heated  with  phosphorus  pentoxide  (21  g), 
gave  o-dichlorobcnzcnc  (VI)  (yield,  5.9  g  (SO^k)), 
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B.  p.  180.S*  (746  mm),  r?^  1.5506,  cf®4  1.3042;  sulfonamide  derivative  m.  p.  133-134*,  Reported  la  the 
literature:  b.  p.  180.3*  (750  mm;,  i^®D  1.5513,  1.3050  [15];  sulfonamide  m.  p.  134-135*  [14], 

4- Ciuutu-2-ti.t,il.yl-1.2.C.C  tctrahydrcphthallc  acid  (Vn)  (11  g).  upon  (9no-9..SO*)  with  phrMnhonii 

pentoxide  (14.2  g),  v/as  convened  to  m-clilorotoluene  (VIII)  [yield,  3  g  (47.5<5t)3, 

B.  p.  161.5*  (750  mm),  n*®D  1.5196,  1.0715.  Reported  [15]  for  m -chlorotoluene;  b.  p.  162*,  i^®D 

1.5214,  (?®4  1.0722;  for  p-chloiotoluene:  b.  p.  162*,  if®D  1.5199,  d*®4  1.0697. 

The  sulfonamide  derivative  of  Vin  melted  after  a  single  recrystalllzatlon  from  alcohol  at  182*;  this  is  in 
agreement  with  the  reported  m.  p.  for  the  sulfonamide  of  m-clilorotoluene  [14];  the  sulfonamide  of  p-chloro- 
toluene  has  m.  p.  142-143*  [14].  The  sulfonamide  of  VIII  did  not  depress  tlie.  m.  p.  of  the  sulfonamide  of  an 
authentic  sample  of  m-clilorotoluene.  The  oxidation  product  of  VIII  with  manganese  dioxide  in  sulfuric  acid 
[17]  yielded  only  one  acid  with  m.  p.  159-160*,  which  corresponds  to  the  reported  value  for  m-chlorobenzoic 
acid  [17]  (p-chlorobeiizolc  acid  melts  at  243*  [17]), 

5- Ch!oro-4-mcthyl-1.2,3,G-tetrahydrophthallc  anhydride  (IX)  (16  g)  and  phosphorus  pentoxide  (11.5  g) 
were  heated  on  a  metal  bath  at  180-300*  in  a  flask  with  a  reflux  condenser  until  evolution  of  gaseous  reaction 
products  ceased.  The  reaction  mixture  was  extracted  with  ether;  the  residue  obtained  after  evaporation  of  the 
solvent  was  dissolved  in  2N  alkali  and  precipitated  with  hydrochloric  acid.  The  substance  which  separated  out 
appeared  to  be  p-toluic  acid  (X)  [yield,  3.5  g  (42'^)];  it  was  purified  by  sublimation,  m.  p.  175*;  m.  p.  of  Its 
p-bromophcnacyl  ester,  151.5*.  Reported  m.  p.  of  p-toluic  acid:  176-178*  [18];  of  the  p-bromophenacyl  ester 
of  p-toluic  acid:  153*  [19].  A  strong  evolution  of  hydrogen  chloride  was  observed  during  the  reaction.  Analysis 
of  the  gases  produced  showed  there  was  also  evolution  of  carbon  monoxide  (70>5t),  and,  to  a  certain  degree,  de¬ 
carboxylation  (15'%),  It  was  not  possible  to  isolate  o-chlorotoluene  from  the  reaction  product, 

2- Chloro-1.2,3,C-tctrahydrophthalic  anhydride  (XI)  (35  g)  and  phosphorus  pentoxide  (35,5  g)  were  heated 
for  40  min.  The  reaction  products  were  distilled  in  vacuum  and  then  redistilled.  Two  substances  were  isolated: 
benzoyl  chloride  (XII)  [yield,  3.5  g  (14^),  b.  p,  89-190*  at  745  mm,  n^°D  1.5537;  benzamide  derivative  m.  p, 
130*],  and  benzoic  acid  (XTII)  [yield,  5.4  g  (20'^)  m.  p.  121*], 

3- Dromo-1.2.3.6-tctrahydropiithdlic  anhydride  (XVI)  (43  g)  was  gradually  heated  with  phosphorus  pent¬ 
oxide  (26,5  g)  under  the  conditions  described  for  5-chloro-4-methyl-l,2,3,6-tetrahydrophthalIc  anhydride  (IX), 
The  reaction  products  gave  benzoyl  bromide  (XV)  (2  g.  Identified  by  its  conversion  to  benzoic  acid)  and  benzoic 
acid  (xni)  (4  g,  m.  p.  122*). 


SUMMARY 

1.  It  has  been  shown  for  the  first  time  that  halogen-substituted  tetrahydrophthalic  acids  and  their  anhydrides 
(adducts  of  halogen-substituted  dienes  with  maleic  and  methylmalelc  anhydrides)  are  aromatized  under  the 
action  of  phosphorus  pentoxide  to  aryl  halides,  the  reaction  proceeding  with  elimination  of  two  molecules  of 
carbon  monoxide  and  water. Thus, the  adducts  of  chloroprene,  bromoprene  and  2,3-dichloro.-l,3-butadlenc  with 
maleic  and  methylmalelc  anhydrides  gave  chlorobenzene,  bromobenzene,  o-dichlorcbenzene,  and  m-chloro- 
toluene,  respectively, 

2.  Halogen-substituted  tetrahydrophthalic  acids  and  their  anhydrides,  they  easily  lose  hydrogen  halides, 
undergo  under  the  action  of  phosphorus  pentoxide  a  reaction  of  another  type: They  eliminate  one  molecule  of 
carbon  monoxide  and  one  of  the  hydrogen  halide,with  the  formation  of  an  aryl  carboxylic  acid,  together  with 
the  haloanhydride  of  the  same  acid. 

3.  The  diene  synthesis  (by  heating  in  propionic  acid)  of  chloroprene  with  an  asymmetrical  dienophile, 
viz.,  methylmaleic  anhydride,  has  been  carried  out;  the  reaction  product  was  a  so-called  "rneta*  adduct,  viz., 

4-chloro-2-methyl-l,2.3,6-tettahydrophth3lic  acid, 
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INVESTIGATIONS  IN  THE  FIELD  OF  AL  K  A  NESULFON IC  ACIDS 


XXIII.  SYNTHESIS  AND  PROPERTIES  OF  SOME  ESTERS  OF  METHANESULFONIC  ACID 
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Original  article  submitted  July  3, 1959 


The  esters  of  alkancsulfonic  acids  possess  many  valuable  properties.  Thus,  the  methyl  esters  of  the  higliet 
aikancsulfonic  acids  have  been  used  as  plasticizers  for  vinyl  resins,  some  esters  are  solvents  for  film-forming  sub¬ 
stances,  and  many  estcis  are  known  as  good  plasticizers  and  softeners  for  polyvinyl  chlorides,  chloro-rubbers,  and 
nitro'cllulose  (1],  Di-(methancsulfonate)-l,4-butancdiol,  known  under  the  name  of  "MyleranT  has  found  a  clini¬ 
cal  application  in  the  ueatment  of  myelyiic  leucosis  [2].  The  esters  of  alkanesulfcnlc  acids  with  ethylene  chloro- 
bydrin  also  possess  an  anticanccrogenic  activity  [3], 

The  aim  of  the  present  work  was  to  synthesize  some  esters  of  mcthanesulfonic  acid  already  described  in 
the  literature,  but  unsufficiently  characieiized,  and  to  prepare  new  esters. 

Wc  obtained  the  di-methanesulfonate  of  ethylene  glycol  (I),  the  di-mcthanesulfonate  of  a, y -butylene 
glycol  (III),  the  tii-methanesulfonatcof  ethylene  chlorohydnn  (IV),  the  di-methanesulfonate  of  glycerol  a-chloro- 
hydrin  (V);  I,  Ill,  and  IV  were  already  described  in  the  literature  [3,  4],  while  II  and  V  are  now  prepared  for  the 
first  time. 

The  reaction  was  carried  out  by  mixing  methanesulf  jnic  add  chlotide  with  the  corresponding  alcohed  In 
pyridine  with  cooling,  followed  by  precipitation  of  the  ester  by  acidification.  The  esters  II-V  have  been  obtained 
in  good  yields.  I  in  low  yield. 


EXPERIMENTAL 

Synthesis  of  esters  of  meth.anesulfonic  acid  with  polyalcohols  and  chlorohydrins.  Freshly  distilled  ethylene 
glycol  (b,  p.  85*  at  5  mm),  a,y  -butylene  glycol  (b.  p,  205.5*),  ethylene  chlorohydrin  (b.  p.  128"),  chemically 
pure  glycerol,  and  glycerol  a -chlorohydrin  (b.  p.  119*  at  15  mm)  were  used  in  the  reactions. 

The  calculated  amount  of  the  corresponding  alcohol  was  dissolved  in  freshly  distilled  pyridine  with  cooling 
to  0*.  The  solution  was  then  treated,  dropwise  and  while  stirring,  with  methanesulfonyl  chloride.  After  a  while, 
pyridine  hydrochloride  precipitated  out.  The  reaction  mixture  was  allowed  to  stand  at  room  temperature  for 
24  hr.  The  ester  was  then  precipitated  from  the  pyridine  solution  by  addition  of  cooled  diluted  sulfuric  acid 
(1:  3);  it  separated  out  as  an  oily  layc'  at  the  bottom  of  the  flask.  To  complete  the  separation  of  the  ester,  the 
reaction  mixture  was  kept  for  16  hr  in  the  cold.  The  ester  was  then  extracted  thrice  with  chloroform:  the  com¬ 
bined  extracts  were  washed  with  water  and  dried  over  anhydrous  sodium  sulfate.  The  solvent  was  distilled  off, 
and  the  residue  was  distilled  in  vacuum  in  the  case  of  liquid  esters,  or  crystallized  from  alcohol  in  the  case  of 
solid  esters.  Experiments  were  also  carried  out  without  extraction  with  chloroform,  but  the  yields  were  much 
lower. 

The  yields  and  properties  of  the  esters  synthesized  in  these  experiments  are  given  in  the  following  table. 
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Euen  of  Methanesulfonic  Acids 


- 1 

' - 1 

Kpmnipvai 

A  rnmint  nf 

pyridine 
(in  ml) 

Yield  of 

the  ester 
(ln<)t) 

<%  S 

1 _ 

No. 

Name  and  formula  of  the 

liiiyi 

mutmi 

M.  p. 

ester 

alcohol 

CHjSOjCl 

found 

caied. 

1 

Glycol  di-methanesulfonate 

2.0 

6.5 

5 

21.4 

44.45* 

28.98 

29.36 

2 

a,y  -Butylene  glycol  di- 

methanesulfonate 

2.24 

5.7 

15 

45.0 

40-41* 

25.84 

26.06 

3 

Glycerol  trl-mclhancsul- 
fonate 

3.6 

11.2 

IS 

78.3 

77-78* 

29.32 

29.44 

4 

Ethylene  chlorohydrin 

methanesulfonate* 

CjHyOjSCl 

4.2 

6.0 

10 

57.8 

— 

19.81 

20.18 

Cl  22.61 

22.40 

5 

Glycerol  a  -monochloro- 

1 

1 

hydrin  dl-mcihancsul- 
fonate  C^H||OfS2Gl 

4.3 

8.0 

15 

69.4 

67-68* 

23.85 

24.05 

1 

Cl  13.50 

1 

13.30 

•ii.p.  12G’(10  mm).  ii"d  l.^GDO.  d”  1.3837.  MRp  31.32;  calc.  31.17. 


The  esters  I-III  and  V  appear  as  crystalline  substances  with  a  slight  pink  coloration;  they  arc  odorless  (with 
the  exception  of  III,  wliich  has  a  fine  pleasant  odor);  they  do  not  dissolve  In  water  and  ether,  but  are  readily 
soluble  in  chloroform,  acetone,  and  upon  warming,  in  alcohol.  The  ester.IV  is  a  colorless  mobile  liquid,  odor¬ 
less  and  bitter. 


SUMM  A  RY 

The  mcth.inesulfonates  of  ethylene  glycol,  a,y  -butylene  glycol,  ethylene  chlorohydrin,  glycerol  and 
glycerol  a -monochlorohydrin  have  been  synthesized  and  characterized,  the  esten  of  a,  y -butylene  glycol 
and  glycerol  a  -monochlorohydrin  being  obtained  for  the  first  time. 
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We  had  previously  accomplished  the  synthesis  of  acids  with  the  composition  C,2~C|5  and  of  the  type 
R-CI1(CH3)-CI!2-CH(CH3)C00H  by  the  organomagnesium  method  [1].  In  the  present  work  we  obtained  a  series 
of  ados  by  the  malonic  acid  synthesis  according  to  the  scheme: 


(tH- 


(:ii;,-ci:-cii-(:ii-(:n2  CMa-rjici-cii^cii-r.iia--^ 

.  n-t:i!-(:ii^-cii-(:ii3  p.-cii-cii^— riiiir 

I  I  I 

C113  cn.i  ciij 

_►  n-Cll—Cllj-CII-CHa-COOlI 

I  I 

cih  CII3 

R  —  t'.Hi*— C„H,, 


Both  studies  were  undertaken  to  learn  about  the  physical  properties  of  branched  acids,  and  the  surface- 
active  and  detergent  properties  of  their  sodium  salt  solutions.  Up  to  now  these  properties  have  remained  un¬ 
explored,  while  there  are  data  on  the  improved  solubility  of  magnesium  and  sodium  salts  of  branched  acids  as 
compared  to  those  of  normal  acids  with  similar  mol.  wt.  [2].  The  good  solubility  of  branched  acid  salts  can  be 
very  useful  In  their  application  to  fomiulating  detergents  or  manufacturing  soaps. 

With  the  exception  of  the  last  stage,  all  synthesis  stages  as  pictured  in  the  scheme  above  and  also  the  prop¬ 
erties  of  intermediate  products  (2-alkyl  pentenes-3  and  2-alkyl-4-bromopentane)  have  been  described  in  a  pre¬ 
vious  communication  [1].  The  malonic  synthesis  of  acids  was  accomplished  in  the  usual  way;  From  2-alkyl- 
4-bromopentancs  and  sodium  ethyl  malonate  were  prepared  the  corresponding  ethyl  esters  of  alkyl  malonic  acids, 
with  a  30-60*^  yield.  The  properties  of  these  esters  are  given  in  Table  1.  Exaltation  was  observed  when  molec¬ 
ular  refraction  of  malonic  esters  was  computed  from  the  magnitudes  of  bond  increments,  as  proposed  by  Vogel 
et  al,  [3];  for  esters  of  type  RCH(CH3>CH2CH(CH3X^H(C00C2H5)2  the  average  exaltation  value  was  +0,61, 
Table  1  also  gives  ethyl  esters  of  alkyl-(dialkyl)malonic  acids  of  another  type,  which  we  had  investigated  during 
the  synthesis  of  Cjj  and  C20  acids.  When  malonic  esters  were  boiled  with  a  33'?t  solution  of  NaOH  or  KOH  and 
the  alkyl  malonic  acids  vacuum  distilled,  monobasic  acids  were  obtained  (92-96'^  yield),  the  structures  and 
properties  of  which  are  given  in  Table  2.  These  acids  are  colorless,  viscous  liquids,  with  no  odor.  They  are  also 
characterized  by  molecular  refraction  exaltation,  the  average  value  of  which  is  ■»-0.37  for  acids  with  the  stnicture 
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3S12 


*  Calculated  frotr  acid  number, 


TABLE  3 


Acids 

nay 

20* 

50* 

CA 

• 

100* 

n-cii-ciij-cii-cooH 

1  1 

CHi  CII3  Type  I 

n=CoH,3- 

37.17 

10.59 

5.18 

— 

-62* 

n=C;H,5- 

40.48 

11.85 

5.78 

3.57 

-59 

n=C8H„- 

44.82 

12.91 

6.24 

3.59 

—59 

R=C9H|9— 

52.58 

15.19 

7.41 

4.39 

—58 

n=Cion2i — 

61.44 

17.33 

8.20 

4.77 

-52 

c«m»-ch-ch2-ch-ch2-chcooh 

60.86 

14.12 

6.31 

3.65 

— 

CjHs  GHa  CHj 

QH,3— CH — on— CH2-C11-C0011 

C1I3  inj  i»3 

n— Gif— CM — CH— CII,( 
1  ‘  I 

CII3  CII3  Type 

67.65 

:ooH 

;  11 

16.38 

7.52 

4.24 

n=Con,3- 

39.05 

11.57 

5.73 

— 

-62 

1\=-C;I!,S- 

43.90 

12.99 

6.69 

— 

-59 

n--=CHii„- 

51.16 

14.93 

7.38 

— 

—58 

60.0! 

17.06 

8.16 

— 

—58 

n==Cjoii2i— 

70.24 

19.19 

9.01 

— 

-52 

(G«iIb— cii-cn2)2cncooii 

1 

C2II5 

14G.79 

28.64 

11.37 

5.73 

—50 

C,oH2i(C4lIo-GlI-Cllj)CIICOOH 

1 

G2II5 

101.22 

24.75 

10.77 

5.71 

-28 

R-CH(CH3)-CH2-CH(CH3)-CH2C00H  (type  H).  For  acids  of  type  I,  structure  R-CH(CH3)-CH2CH(Cf^)-C(X)H. 
we  could  detect  no  regularity  in  the  difference  between  the  found  and  the  calculated  MRq  values  fll,  Rable  3 
gives  the  congealing  point  and  the  kinematic  viscosity  of  the  acids,  the  synthesis  of  which  had  previously  been 
described  and  is  being  reported  in  the  current  communication. 

All  acids,  with  the  exception  of  those  having  the  n-dccyl  radical  in  their  structure,  congealed  to  a  trans¬ 
parent  *glass.*  When  the  ones  containing  the  n-decyl  radical  were  cooled,  a  crystalline  phase  appeared.  The 
congealing  points  were  determined  by  standard  means,  from  the  rate  of  meniscus  shift  when  the  acid  is  placed 
in  a  test  tube  of  13  mm  internal  diameter  of  a  45*  angle  off  the  vertical  [4].  The  viscosities  of  acids  of  types 
I  and  Q,  with  the  same  molecular  weights  (provided  R  is  a  normal  alkyl  radical),  are  very  close.  Compared  to 
the  viscosity  of  normal  acids  at  75*  (lauric  acid  4.50  centistakes,  tetradecanoic  5.96,  and  palmitic  8.38  [5]), 
rhat  of  the  ones  synthesized  by  us  was  somewhat  higher  for  C|2  (5.18)  and  C14  (6.24;  6.69;  6.31;  7,52)  and  some¬ 
what  lower  for  (8.16).  Specific  gravities  and  refractive  indices  measured  at  75*  were,  in  the  case  of  branched 
hexadecanoic  acids: 

CioH„-CH(CH3)-CH2-CH(CH3)C001I  d,’*  0.8459,  1.4287  ; 

C,Hi,-CH(CH,)-CH2CH(CH,)-CH,C00H  0.8462.  n/*  1.4284, 

and  proved  to  be  very  close  to  the  corresponding  values  characterizing  palmitic  acid  (d*^  0.8446.  n^  1.4288 
[5]).  Infrared  spectra  were  taken  of  acids  I  and  n.  It  was  established  that  the  intensity  of  the  band  2930 
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c 


(€  ),  which  corresponds  tothc  as>'mmctrlc  valence  vibrations  in  group  CHj,  U 
linearly  dependent  on  the  number  of  CH2  groups  in  the  acid  molecule.  The 
relationship  is  expressed  by  two  parallel  lines.  For  acids  of  type  II,  as  a  re¬ 
sult  ot  lesser  mtensiiy  of  ilic  Cii2  position  to  the  carbonyl  greep, 

the  dependency  line  is  below  that  characterizing  acids  of  type  I  (see  figure). 
The  spectra  of  acids  were  obtained  on  an  infrared  spectrometer  IKS-12  [IRS- 


12)  with  a  LiF  prism  In  tl<e  2800-3100  cm 
a  0.1‘^t  CCI4  solution.* 
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region.  Samples  were  tested  in 


EXPERIMENTAL 

We  shall  describe  the  synthesis  of  branched  acids  on  only  two  examples 
—  tluough  the  ethyl  esters  of  monoalkyl-  and  dialkylmalonic  acids.  The  rest 
of  the  acids ,  the  structures  and  properties  of  which  are  given  in  Table  2,  were 
prepared  analogously. 


Number  of  CH2  groups  3.5-Dlmethyltetradecanoic  acid,  a)  To  250  ml  anhydrous  alcohol  was 

added  gradually  14.3  g  (0.62  gram  cton.)  sodium,  100  g  (0.6  mole)  malonic 
ester,  and  170  g  (0.6  mole)  4-mcihyl-2-bromotrIdccane.  The  mixture  was  boiled  for  10.5  hours,  after  which 
sodium  bromide  was  separated  from  it  and  some  alcohol  distilled  off.  The  residue  was  treated  with  water,  dried, 
and  vacuum  distilled.  Ethyl  ester  of  (l,3-dimethyldodecyl)malonic  acid  was  obtaiiicd  (36.4<^,  or  80.4  g).  b) 
The  ester  thus  obtained,  71  g  (0.2  mole),  was  digested  for  6-12  hr  with  an  excess  of  33'yo  NaOM,  after  which  the 
unrcactcd  malonic  ester  was  extracted  with  ether  and  the  alkaline  mass  treated  with  liCl.  Obtained  was  47  g 
of  3,r,-(limclhyltctradccanolc  acid  in  92‘7>:  yield. 


f)i-(2-cthylhexyl)acetic  acid,  a)  To  900  ml  alcohol  was  added  39  g  (1.7  gram  atom)  sodium,  270  g  (1.7 
mole)  malonic  ester,  and  318  g  (1.65  mole)  2-ethylhexyl  bromide.  The  reaction  mass  was  boiled  for  9.5  hr, 
after  whicli  it  was  v/orked  up  in  a  manner  analogous  to  that  described  above  to  give  285  g  (63‘^)  of  the  ethyl 
ester  of  2-cthylhexylinalonic  acid  and  20  g  of  the  di-(2-cthylhcxyl)malonate.  b)  From  136  g  (0.5  mole)  ethyl 
ester  of  2-cthyIlicxylmaloiiic  acid,  136  g  (0.7  mole)  2-etliylhexyl  bromide,  and  14  g  (0.6  gram  atom)  sodium 
in  350  ml  alcohol  v/as  obtained,  after  boiling  for  9  hr,  73  g  ethyl  ester  of  di-(2-ethylhexyl)malonIc  acid,  or 
38'^  yield.  More  than  half  of  tire  initial  ester  was  recovered  from  the  reaction  mixture,  c)  DI-(2-cthylhexyl)- 
acetic  ac:id  was  obtained  in  53'7r  yield,  or  30  g,  when  75  g  (0,2  mole)  of  ester  obtained  was  boiled  for  8  hr  with 
a  solution  of  66  g  (1.18  mole)  KCll  in  70  ml  water  and  the  alkaline  mass  treated  with  liCl. 


SUMM  ARY 

1,  A  number  of  acids  with  tlxj  composition  C13—  and  two  branches  to  the  main  hydrocarbon  chain 
were  prepared  by  the  malonic  synthesis, 

2.  Congealing  points  and  kinematic  viscosities  were  determined  for  branched  acids  with  the  composition 

Cj2“C2o« 
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We  had  prepared  and  characterized  1,4 -dial kylbenzencs  [1]  duilng  former  studies  of  surface  active  prop¬ 
erties  of  sodium  dialkylbenzcnesulfonatcs: 

Ilr-^  ^  2Mgnr 

v/licrc  R  Is  a  nonnal  alkyl  radical  C4-CJ. 

Di  the  present  work  we  accomplished  the  hydrogenation  of  p-dlalkyllx:nzencs  and  learned  about  some 
physical  prof-ertlcs  of  1,4-dIamycyclohcxancs  picparcd  for  the  fint  time.  Tl)c  hydrogenation  was  carried  out 
In  a  rotary  autoclave  at  210-230*  and  initial  pressure  of  110-130  atm  over  Raney  nickel.  For  each  experiment 
B-10  g  of  a  pure  sample  was  used.  The  dlalkylcyclohcxanes  were  separated  from  tlic  unhydrogenated  dlalkyl- 
Ixsnzcncs  chrrjmatographlcally  In  a  column  filled  with  silica  gel  (150-200  mesh).  After  purification  In  tl»e  column, 
diliexyl-,  dihcptyl-,  dioctyl,  and  dinonylcyclohcxancs  were  recrystalllzed  from  alcohol  at  0-2*.  Their  capillary 
melting  points  were  determined,  the  capillary  being  placed  in  a  rnctal  block  provided  with  an  electric  heating 
device.  The  melting  prjlnts  of  dlhcxyl-  and  dllicptyltyclohcxanes  were  determined  in  a  special  chamber  wfjerc 
the  temperature  was  maintained  at  0-2*, 

Table  1  gives  tlic  properties  of  1,4-dialkylcyclohexancs,  In  order  to  compare  these  properties  with  those 
of  moiioalkylcyclclrcxancs  of  similar  molecular  weights,  wc  Included  In  tlie  table  octyl-  and  dodecylcyclohcxanci 
prepared  by  us,  Tf»c  syntliesis  of  the  latter  compounds  v/as  accomplished  by  hydrogenation  of  octyl-  and  dode- 
cylbcnzcncs,  which  in  turn  were  obtained  by  the  Grlgnard-Wurtz  reaction  from  bromobenzene,  octyl  bromide, 
and  dodecyl  bromide.  Tic  physical  constants  of  l,4-dlalkyIcyclol»cxancs  (with  normal  alkyl  radicals)  are  very 
close  to  those  of  monoalkylcyclolrexanes  of  similar  molecular  weights,  and  the  melting  points  of  dodecyl-, 
ictradccyl-,  liexadccyl,  and  octadecylcyclohexancs  arc  respectively  12,  25,  32,  and  40*  [2,  3],  There  Is  a 
straight  line  correlation  between  the  magnitudes  of  melting  points,  d*®^,  n*®D  and  the  number  of  carbon  atoms 
in  the  alkyl  radical  of  1,4-dialkylcyclohcxancs:  this  is  grapliically  Illustrated  In  Fig,  1,  The  average  value  for 
tlic  exaltation  of  molecular  refraction  (  A  MRq)  for  compounds  (I-VO  (Table  1)  Is  +0,10,  Tlic  molecular  re¬ 
fractions  were  calculated  from  bond  refractions,  as  proposed  by  Vogel  et  al,  (43, 

Kinematic  viscosity  at  — 40, —20,  0,  2C,  50,  and  75*  was  determined  for  dl-  and  monoalkylcyclohcxanes 
with  the  Ostwald  viscosimeter.  At  —40  and  —20*  the  accuracy  of  tlic  temperature  measurements  was  s  0,3", 
at  0,  20,  50,  and  75*  i  0,1,  The  viscosity  values  arc  given  In  Table  2;  for  comparative  purposes  we  Included 
In  the  table  viscosity  values  of  tctradccyl-  and  hexadccylcyclohexanes,  as  measured  by  Schmidt  (23. 

The  vbcoslty  of  dodccylcyclohcxanc  at  temperatures  selected  by  us  was  higher  than  that  of  1,4-dIhexyl- 
cyclohcxanc.  The  ratio  of  the  viscosities  of  dibutyl-  and  monooctylcyclohexanes  is  not  constant  at  different 
temperatures.  Graphically,  this  relationship  could  be  represented  by  two  Intersecting  lines.  Figure  2  shows  the 
graphic  rclatloruhip  of  the  log  of  viscosity  and  the  temperature.  Within  the  limits  of  the  temperatures  studied 
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Fig.  1.  The  dependency  of  the  physical 
constants  of  1,4-dialkylcyclohexanes  on 
the  number  of  carbon  atoms  (n)  in  the 
alkyl  radical. 


Fig,  2,  Dependency  of  the  log  of  the. 
viscosity  of  1 ,4  -dialky Icyclohexanes  on 
temperature  (T  =  absolute  temp.);  1) 
dibutylcyclohexane;  2)  diamylcyclo- 
hexane;  3)  diliexyicyclohexanc;  4) 
diheptylcyclohexane;  5)  diisoamyl- 
cyclohexane. 


C 


Pig.  3.  Dependence  of  the  log 
of  the  viscosity  of  1, 4-dialkyl - 
cyclohexanes  on  number  of  car¬ 
bon  atoms(n)  in  the  alkyl  radicaL 


Fig.  4..  Dependence  of  molar  extinctloQ 
(e  )  coefficient  of  band  2925  cm*^  co 
number  of  CH*  groups  (n*)  in  the  1,4-dl- 
alkylcyclohexanes.  1)  Monoalkylcyclo- 
hexanes;  2)  dialkylcyclohexanes. 
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TABLE  2 

Kinematic  Vlscoilty  of  Dl-  and  Monoalkylcyclohexanei 


i 

Viscosity  (in  centistokes) 

Nos. 

Hydrocarbon 

-«• 

— »• 

o» 

20* 

50* 

7S» 

(I) 

n  -C4H9— ^  H  CiHt-n 

59.14 

15.69 

7.32 

4.30 

2.67 

2.18 

(II) 

n  -CsIIii— ^  H 

— 

— 

12.39 

6.31 

3.25 

2.44 

(HI) 

n  ^  H  ^ — Cgllxa'D 

— 

— 

19.29 

9.07 

4.52 

3.13 

(IV) 

n  “C7II15 — ^  II  ^ — C7lli5-n 

— 

— 

— 

12.41 

5.87 

3.87 

(V) 

n  -Cblli7— ^  H  CgHn-n 

— 

— 

— 

— 

7.21 

4.34 

(VI) 

n  "CjlIjQ — ^  — C9l1]9*n 

— 

— 

— 

— 

9.60 

5.37 

(VII) 

iso-CjHji — ^  H  ^ — C5Hji-iso 

273.99 

42.39 

14.G9 

7.20 

3.68 

2.64 

(vni) 

^  II  f^^8lli7~n 

— 

15.85 

7.45 

4.53 

2.64 

2.17 

(IX) 

II  y~C|2ll26~n 

— 

— 

— 

9.27 

4.54 

3.18 

(X) 

<(~^)>-Ci4ii2«-n  m 

— 

— 

— 

— 

5.70 

— 

(XI) 

^  11  ^ — Ci8ll33-n  1*J 

— 

— 

— 

7.49 

— 

TABLE  3 

Infrared  Spectral  Data  on  Number  of  CH2  and  CH3  Groups  in  DI-  and  Monoalkylcyclo- 
hexanes 


Com¬ 

pound 

No. 

Hydrocarbon 

•CH, 

2y2S 

cm”^ 

Num¬ 
ber  of 
CHj 

1  1 

•CH, 

21)07 

cm"* 

Num¬ 
ber  of 

CH, 

^^*tors' 

cm"* 

(I) 

11-C4II9  ^  II  ^  C4llj)-n 

675 

10 

230 

2 

740 

(II) 

n-C5lIj| — — L.5llii*n 

755 

12 

230 

2 

730 

(III) 

n-CoIIu — — CeIIi3*n 

cS80 

14 

210 

2 

730 

(IV) 

O'f'jIIis — ^  II  y — C7lli5-n 

1100 

16 

220 

2 

730 

(V) 

n-CbHi7— ^  H  ^ — C8lli7-a 

1170 

28 

200 

2 

730.  750 

(VI) 

n~C|tll|g — ^  II  ^ — CgII]g-0 

1400 

20 

200 

2 

725,  730 

(VII) 

IS0-C5IIH — — CsHii'iso 

545 

8 

390 

4 

755 

(VIII) 

^  1*  / — 1^*  H 

860 

12 

100 

1 

— 

(IX) 

Ci;H25 -n 

1200 

16 

95 

1 

— 
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Fig.  5,  Infrared  spectra  of  1, 4-dial kylcyclohexanes  in  CCI4.  Concentrations 
(mg/10  ml  CCI4):  a)  25.5;  b)  17.65;  c)  23.8;  d)  12.8;  e)  18.8;  f)  16.1;  g)  13.3. 
by  us,  the  log  of  viscosity  increased  linearly  with  increased  length  of  alkyl  radicals  in  the  transition  from  dibuiyl- 
to  dinonylcyclohcxanc.  The  linear  relationship  is  shown  In  Fig.  3.  All  lines  In  the  graph  intersect  In  the  origin 
of  coordinates  and  can  be  expressed  by  the  following  equations;  log  Wj*  =  0.217  n,  log  1/20*  =  0.158  n,  log  i»5q»  = 

=  0.109  n,  log  1/75**  =  0.082  n. 

On  an  IKS-12  apparatus  with  NaCl  prism  we  obtained  Infrared  spectra  of  1,4-dialkylcyclohexanes  (I-VII) 

In  the  700-1500  cm”^  region.  Compounds  (I-IV,  VII)  were  photographed  in  a  layer  0.1  mm  thick,  and  com¬ 
pounds  (V)  and  (VI)  pressed  Into  KBr.  Per  40  mg  substance  we  used  2  g  KBr,  The  aperture  was  changed  accord¬ 
ing  to  the  spectrum.  In  all  of  the  spec.ra  was  found  the  720-730  cm“*  band.characterlstic  of  the  torsional  vibra¬ 
tion  of  the  methyicne  groups  (i^CH2  torsion).  The  dLsplacement  of  this  band  toward  greater  frequency  when 
the  number  of  CH2  groups  was  reduced  in  an  aliphatic  chain  (Table  3)  agrees  with  previous  data  [6].  In  dloctyl- 
and  dinonylcyclohexanes  the  730  cm"*  band  splits.  An  analogous  phenomenon  was  observed  earlier  with  spectra 
of  substances  in  the  crystalline  state  [7],  All  spectra  have  intense  1375  and  1450  cm"*  bands,characteristio, 
resp.,  of  strained  oscillations  of  the  CHj  and  CH2  groups.  In  the  spectrum  of  dilsoamylcyclohexane  the  band 
1375  cm”*  splits  to  1350  and  1385  cm”*,  which  confirms  the  presence  of  branching  [8],  In  addition  in  all  spectra 
we  observed  bands  895,  950,  and  a  doublet  in  the  1100  cm”*  region.  These  are  probably  characteristic  frequencies 
for  the  cyclohexane  ring  [9],  In  order  to  determine  the  number  of  CH2  and  CH3  groups  In  the  compounds  under 
consideration,  they  were  photographed  with  a  LiF  prism  inthe  2800-3000  cm"*  region.  All  compounds  were 
photographed  in  CCVj  solution  In  a  cuvette  with  constant  layer  thickness  of  1  mm  at  0.135  mm  incoming  and 
outgoing  aperture.  The  concentrations  of  the  solutions  (C  =  mg  substance /lO  ml  CCI4)  are  shown  In  Fig.  5,  The 
Intensity  of  absorption  bands  2925  (CH2)  and  2957  cm”*  (CHj)  is  linearly  dependent  on  the  number  of  normal 
groups,  as  was  found  with  alkanes  and  alkylcyclohexanes  [10].  Table  3  gives  the  values  of  molar  extinction 
coefficients  (e  )  of  bands  2925  and  2957  cm"*,  and  also  the  number  of  CHx-  and  CF^  groups  In  the  molecule 
as  they  correspond  to  those  values.  Figure  4  graphically  expresses  the  dependency  of  c  of  band  2925  cm”*  on 
the  number  of  CH2  groups[2l.  An  analogous  graph  of  dependency  for  monoalkylcyclohexanes  is  parallel  to  the 
one  above,  but  110  units  higher. 
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SUMMARY 


1.  When  symmetrical  p-dlalkylbenzene$  were  hydroge:ijieu,  <•  aiuiiber  of  l,4-dIslI;ylcycic!:£X2ne5  vith 
four  to  nine  carbon  atoms  In  the  alkyl  radicals  were  obtained. 

2.  The  dependence  of  physical  constants  of  1,4-dIalkylcyclohcxanes  on  the  number  of  carbon  atoms  In 
the  alkyl  radicals  was  studied. 

3.  The  dependence  of  molar  extinction  coefficient  of  band  2925  cm"*  on  the  number  of  CH*  groups  In 
1,4-dialkylcyclohexane  molecules  was  studied  by  means  of  Infrared  spectra. 
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We  established  in  previous  work[l]  that  it  is  possible  to  convert  a-amlnoalcohols  of  the  acetylene  and 
vinylacctylcnc  series  into  the  corresponding  pyrrole  homologs.  The  purpose  of  the  present  work  was  Investiga¬ 
tion  of  the  interaction  of  some  oxides  of  compounds  of  the  acetylene  series  witli  hydrazine  hydrate  and  with  dl- 
mcthylhydrazinc  and  also  finding  of  the  conditions  under  which  hydrazinoalcohols  can  be  transformed  into 
N-aminopyrroles,  i.e.,  development  of  a  convenient  method  for  preparing  the  latter.  Tlie  necessity  of  carrying 
cut  an  investigation  on  the  subject  was  imposed  by  the  circumstance  that  up  to  now  no  convenient  and  effective 
method  for  synthesizing  this  interesting  type  of  compounds  has  been  available.  An  attempt  to  synthesize  N-amino¬ 
pyrroles  starting  from  y  -diketones,  dscarboxyllc  acids,  and  hydrazine  hydrate  did  not  lead  to  the  desired  results 
[2,  3].  The  poor  yields  in  these  leactions  were  due  to  a  number  of  secondary  processes.  We  subjected  to  investi¬ 
gation  the  oxides  listed  in  Table  1. 

Upon  interaction  of  the  oxide  (I)  with  hydrazine  hydrate  and  of  oxide  (II)  with  dlmethylhydrazlne,  the 
corresponding  hydrazinoalcohols  (IV)  and  (V)  were  isolated  and  characterized;  their  properties  are  listed  ia 
Table  2, 

Analysis  of  the  infrared  spectra  of  these  compounds  showed  the  presence  of  absorption  bands  characteristic 
for  a  triple  bond  (in  the  region  of  2170-2250  cm"*)  and  for  a  tertiary  alcohol  hydroxyl  (1150  cm"*). 

The  compounds  (IV)  and  (V)  were  converted  into  the  corresponding  N-amlnopyrroles.  The  synthesis  of 
the  N-aminopyrroles,  i.e.,  compounds  (VI)  —  (DC)  in  Table  2,  was  carried  out  by  a  single-stage  conversion.  In 
the  spectroscopic  examination  of  the  compounds  prepared  maxima  were  detected  at  1536  and  1145  cm”*,  which 
are  characteristic  for  the  pyrrole  ring;  at  780  and  720  cm"*,  characteristic  for  CH  groups;  at  3300  cm"*,  charac¬ 
teristic  for  the  NH2  group;  and  finally  at  2962  cm"*,  characteristic  for  the  Ci^  gtoup.  The  determinations  were 
made  on  an  IKS-11  infrared  spectrometer  with  NaCl  and  LlF  prisms. 

On  the  basis  of  the  data  obtained  one  may  consider  it  established  that  addition  of  hydrazine  hydrate  and 
dimethylhydrazine  to  the  oxides  mentioned  above  proceeds  according  to  the  Krasuskli  rule,  i.e.,  opening  of  the 
oxide  ring  takes  place  at  the  carbon  to  which  the  greatest  number  of  hydrogen  atoms  are  bound,  while  closing 
of  the  pynole  ring  proceeds  as  shown  below: 


Cn3-C=C— C CHj  4-  NH,— NHj  •  HjO 


(1) 


CH. 


OH 

GHs— C=C— i— CH,-NH-NH, 
\ 

CH) 
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TABLE  1 


No.  of 
com¬ 
pound 

Formula 

1 

Name  of  compound 

B.p. 

(pressure 
In  mm) 

20 

0* 

30 

"0 

(1) 

/^\ 

Clla-C^C— C — CII, 

2-methyloxIdo-l  ,2- 
pentyne-3 

40-410 

(22) 

0.9264 

1.4461 

CHa 

(H) 

C4llo-C=C  -C — Cllj 

2-methyloxido-l,2- 

octyne-3 

48-49 

(2-3) 

0.8777 

1.4474 

1 

CII, 

(III) 

/^\ 

r^ii;-  c^c-c—ciij 

2  -  methyl-4- phenyl - 
oxido-l,2-butyne-3 

108-109 

(S) 

1.0278 

1.5552 

C113 

_ Qll 

— >  cn3-c=HC-c=cii-Nn-Nii2  — ►  |  I  ^ 

t  I  I  HjCl  / 

I _ CIta  I 

NHj 

(VI) 

One  must  note  that  the  velocity  of  the  conversion  of  hydrazinoalcohols  into  the  corresponding  aminopyr- 
roles  is  considerably  lower  than  that  of  the  conversion  of  hydroxyaminoalcohols. 

It  was  found  that  the  velocity  of  the  reaction  of  the  oxides  mentioned  above  with  hydrazine  hydrate  varies 
greatly  depending  on  the  nature  of  tlie  radical  R  which  suosiitutes  an  acetylene  hydrogen. 

For  instance,  oxide  (I)  reacts  with  hydrazine  hydrate  with  a  considerable  evolution  of  heat,  while  the 
oxides  (II)  and  (III)  add  hydrazine  hydrate  only  after  prolonged  heating.  This  difference  in  the  velocities  of  the 
formation  of  hydrazinoalcohols  is  apparently  due  primarily  to  a  sharp  reduction  of  tlie  mutual  solubility  of  the 
reacting  substances  and  only  to  a  lesser  extent  to  the  structural  characteristics  of  the  oxides. 

EXPERIMENTAL 

Hydrazino-l,2-mcthylpentyn-3-ol-2  (iV).  Into  a  three-necked  flask  equipped  with  a  reflux  condenser  and 
an  agitator  and  containing  a  double  (lOO'^c)  excess  of  hydrazine  hydrate  (35  g),  33  g  of  2-methyloxido-l,2- 
pcntync-3  (I)  was  added  under  agitation.  The  reaction  took  place  with  the  evolution  of  a  considerable  amount 
of  heat.  The  reaction  mixture  was  heated  for  3  hr,  on  a  water  bath  and  then  distilled  in  vacuum.  The  substance 
obtained  (IV)  crystallized  in  white  needles  which  were  found  to  be  soluble  in  most  organic  solvents  and  in  hot 
water. 

Found  <5^:  C  56.30;  H  9.37;  N  21.91.  CeHeONj.  Calculated C  56.25;  H  9.38;  N  21.87. 

M-Amino-2,4-dimethylpyrrole  (VI).  15  g  of  hydrazino-l,2-methylpentyn-3-ol-2  (VI)  together  with  sev¬ 
eral  drops  of  hydrazine  hydrate  and  1-2  drops  of  quinoline  was  heated  for  3  days  at  170-180*  in  a  sealed  tube 
placed  in  an  oil  bath.  The  substance  that  had  been  separated  crystallized  after  two  distillations  in  vacuum. 

The  yield  was 

Found‘d:  C  65.40;  H  9.18;  N  25.52.  C^HioN,.  Calculated <5^;  C  65.42;  H  9.15;  N  25.43. 

The  mercury  derivative  of  (VI)  decomposed  at  110-111! 

N-Amlno-2-methyl-4-butylpyrrole  (VII).  15  g  of  hydrazine  hydrate  and  20  g  of  2-methyloxldo-l,2- 
octyne-3  (H)  were  heated  under  constant  agitation  in  a  flask  on  an  oil  bath  for  3  days  at  150*.  After  vacuum 
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•dirr.ethylamino-2-methyl-4- 

butylpyrrolc 


distillation  the  substance  that  had  been  separated  was  a  colorless  liquid  with  a  penetrating  odor.  Tliis  substance 
gave  the  typical  reactions  for  a  pyrrole, 

Pound'll:  C  70.51;  H  10.41;  N  1S.32.  CjHjsN,.  Calculated C  70.7;  H  10.40;  N  18.42. 

N-AinIno-2-methyl-4-phenylpyrrole  (VIll).  15  g  of  hydrazine  hydrate  and  23  g  of  2-inethyl“4-phenyl- 
oxldo-l,2-butyne-3  (III)  to  which  1  ml  of  quinoline  had  been  added  were  heated  in  a  round-bottomed  flask 
under  constant  stirring  on  an  oil  bath  for  4  days  at  180*.  After  distillation  in  vacuum  a  very  viscous  substance 
with  a  b.  p.  125-126*  (0.3  mm)  was  separated  which  had  a  penetrating  odor  resembling  that  of  almond.  M.  p. 
42-43*.  yield  52<5fc. 

Found‘d;  C  76.48;  H  6.99;  N  16.38.  CiiH,2N2.  Calculated*^;  C  76.63;  H  6,97;  N  16.27, 

The  mercury  derivative  melted  with  decomposition  at  137-138*. 

N-Dimethylhydrazlno-l,2-methyloctyn-3-ol-2  (V).  12  g  of  2-mcthyloxldo-l,2-octyne-3  (11)  and  15  g 
of  hydrazine  hydrate  (a  100^  excess)  placed  into  a  flask  were  heated  on  a  water  bath  for  3  days  under  agitation, 
whereupon  distillation  was  carried  out.  Yield  79.4*^. 

Found *70;  C  66.48;  H  11.21;  0.98.  C^HjaONj.  Calculated  *70;  C  66.6;  H  11.1;  Hact  1. 

N-Dimethylairiino-2-methyl-4-butylpyrrole  (EX).  15  g  of  dimethylhydrazino-l,2-m.cthyloctyn-3-o!-2  (V) 
to  which  a  drop  of  quinoline  had  been  added  was  heated  on  an  oil  bath  for  2  days  at  150*.  As  a  result  of  vacuum 
distillation  the  substance  (IX)  was  isolated.  Yield  42.75*^. 

Found  *7^  C  73.29;  H  10.68;  N  15.48.  CiiHjoNj.  Calculated -70;  C  73.26;  H  10.63;  N  15.56. 

An  azodyertuff  was  prepared  in  the  usual  manner  by  coupling  with  phenyldiazor.ium  cliloride;  m.  p.  159- 
160*  (decomp.). 


SUMMARY 

1.  As  a  result  of  the  action  of  hydrazine  hydrate  and  dimethylhydrazine  on  oxides  of  compounds  of  the 
acetylene  series,  the  oxide  ring  opens  at  the  carbon  atom  to  which  the  greatest  number  of  hydrogen  atoms  arc 
bound, 

2.  A  new  method  has  been  developed  for  the  synthesis  of  N-aminopyrroies.  The  following  N-amlno- 
pyrrolcs  not  described  in  the  literature  before  were  synthesized  by  this  method;  N-amino-2,4-dimcthyipytTole, 
N-amlno-2-mcthyl-4-butylpyrrolc,  N-amlno-2-methyl-4-phenylpyrrole,  and  N-dimethylamino-2-methyl-4- 
butylpyrrole. 
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We  establlslied  in  a  preceding  investigation  [1]  that  interaction  of  dioxides  of  compounds  of  the  acetylene 
st'.rics  with  primary  aliphatic  amines  results  in  the  formation  of  acetylenic  diaminoglycols,which  on  heating  are 
converted  into  the  corresponding  fl-aminopyrrylcarblnols. 

The  purpose  of  the  work  reported  in  this  instance  was  investigation  of  the  interaction  of  acetylenic  di¬ 
oxides  wiili  secondary  aliphatic  amines.  It  was  of  interest  to  establish  in  what  manner  the  oxide  ring  opens 
under  the  action  of  secondary  amines,  to  compare  the  velocities  of  the  interaction  of  dioxides  with  primary 
and  secondary  amines,  and  to  Investigate  the  relative  stability  of  the  diaminoglycols  that  are  formed. 

The  interaction  of  2,5-dimethyl-dioxiJo-l,2:  5,6-hexyne-3  (I)  with  diethylamine  and  dipropylamine  was 
investigated.  As  products  of  the  reactions  in  question  the  following  diaminoglycols  were  isolated:  l,6-di-(ui- 
eihylamino)-2,5-dimethylhexyn-3-diol-2,5  (II);  l,6-di-(dipropylamino)-2,5-dimethylhexyn-3-diol-2,5  (HI) 
(see  the  following  table). 


No.  of 

B.p. 

-O  lip 

com¬ 

pound 

Formula 

(pressure 
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til) 
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.S5.05 

85.02 

ClI,  CH, 

(III) 

OH  OH 
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It  was  found  that  the  velocity  of  the  Interaction  of  the  dioxides  with  secondary  amines  is  lower  than  that 
with  primary  amines.  For  instance,  the  reaction  with  monoethylamine  takes  place  at  room  temperature,  with 
evolution  of  heat,  while  that  with  diethylamine  can  be  completed  only  by  heating  the  reaction  mixture  in  a 
sealed  tube  at  100*  for  7-8  hr.  It  was  established  that  the  diamlnoglycols  (II)  and  (III)  split  on  heating, with 
the  formation  of  an  olefin,  an  aminoketone,  and  a  pyrrole.  Tlie  olefins  which  formed  were  identified  as  their 
dibromoderivatives.  The  aminoketoncs  \  ere  identified  by  analysis  and  by  the  preparation  of  the  corresponding 
semicarbazoncs.  From  the  pyrroles  azodyestuffs  and  their  picrates  were  prepared. 

Thus,  N-disubstituted  dlaminoglycols  cn  heating  undergo  other  transformations  than  N-monosubstituted 
diamlnoglycols.  Tlie  latter  arc  coverted  directly  Into  8-aminopyrrylcarbinols.  In  the  case  of  the  N-disub- 
stituted  diamlnoglycols,  this  reaction  becomes  difficult  because  of  tlie  absence  of  active  hydrogen  in  the  amino 
group,  so  that  the  reaction  of  splitting  of  diamlnoglycols  predominates,  which  apparently  proceeds  as  formulated 
below: 


CM,  CM, 

(r  -CHi  -CEC-COh-Ch^-WICM^  -CH^-R)a - ► 

fHa 

(1  -CH2-CH2)^N-CH2-C0H-C  =  CH 
|(R-CH2-CH2}^  fi-CH=  c-c^c  H 

I  CH, 

t 


N''frH2-CH,R)2 


OH 


-  V 


n  +•  CH,=  CHR+H,0 

\<^CH2-CH2-R  ^  ^ 


One  must  assume  that  all  of  the  processes  formulated  take  place  simultaneously. 

nXPERIMENTAL 

Preparation  of  l,C-di-(dlcthylaniino)-2.b-dimethylhcxyn-3-diol-2.5  (11).  20  g  of  the  dioxide  (I)  and  30  g 
of  diethylamine  were  l)catcd  for  10  hr  in  a  scaled  tube  placed  in  a  boiling  water  bath.  After  a  double  distilla¬ 
tion  In  high  vacuum,  36  g  of  a  viscous  pale  yellow  liquid  was  separated  which  dissolved  in  water  and  in  organic 
solvents. 

Found  <55::  C  67.69;  H  11.31;  N  9.77;  act,  H  1.90.  CieHaO^Nj.  Calculated  ‘Jfe;  C  67.57;  H  11.35;  N  9.85; 
act.  H  2. 

Splitting  of  diamtnoglycol  (II).  35  g  of  (H)  were  distilled  at  atmospheric  piessure.  When  the  temperature 
of  the  bath  reached  180*,  violent  evolution  of  gas  and  distillation  of  a  turbid  mobile  liquid  began  and  continued 
for  1.5  lir.  26  g  of  liquid  products  and  1.5  liters  ofgas  were  isolated.  The  liquid  was  treated  several  limes  with  a 
40*?;  aqueous  solution  of  sodium  bisulfite.  The  bisulfite  extracts  were  combined  and  worked  up  separately  (see 
below),  while  the  remaining  product  was  dried  with  calcined  MgS04  and  distilled  in  vacuum.  In  this  manner 
9  g  of  N-cthyl-3-methylpyrrolc  (IV)  was  isolated  in  the  form  of  a  mobile  transparent  liquid,the  physical  prop¬ 
erties  of  which  are  given  in  the  table.  This  substance  is  insoluble  in  water  but  readily  soluble  In  organic  sol¬ 
vents;  it  gives  the  characteristic  reactions  of  a  pyrrole. 

Found  •’A:  C  76.62;  H  10.30;  N  12.68.  C^H^N.  Calculated  "it:  C  77.06;  H  10.09;  N  12.85. 

To  3  g  of  freshly  distilled  aniline  dissolved  in  30  ml  of  water  and  8.4  ml  of  concentrated  HCl  a  solution 
of  2.4  g  of  NaNOj  in  12  ml  of  water  was  added  dropwise  (the  temperature  of  the  reaction  mixture  must  not  be 
allowed  to  rise  above  0*),  To  the  diazonium  salt  that  had  formed  a  solution  of  3gof  the  pyrrole  (IV)  in  30  ml 
of  alcohol  was  added.  There  was  a  sudden  and  pronounced  reddening  of  the  solution  accompanied  by  separa¬ 
tion  at  the  bottom  of  oily  drops  of  a  dark  red  color.  The  dyestuff  was  extracted  with  ether.  The  ether  solution 
was  dried  with  MgSO^.  Theetlierwas  distilled  off  and  the  product  distilled  in  vacuum.  In  this  marmer  3.5  g  cf 
a  bright  ted  liquid  was  isolated  which  was  insoluble  in  water,  but  readUy  soltd>le  in  ether  and  alcohol. 
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B.  p.  126-127*  (1  mm).  1.0383.  Found  <?t:  N  19.40.  CxjHuN,.  Calculated  <5t;  N  19.70. 

With  picric  acid  In  an  aqueous-etlicreal  solution  this  substance  formed  a  picrate  which  had  a  decomposi¬ 
tion  point  of  110*  after  being  crystallized  from  alcohol. 

The  combined  bisulfite  extracts  obtained  by  treatment  of  the  liquid  products  of  splitting  of  tlie  diamino- 
glycol  (II)  were  saturated  with  KOH.  The  upper  layer  that  separated  was  dried  with  MgS04  after  being  separa- 
arated  from  the  aqueous  solution.  On  distillation  in  vacuum  14  g  of  a  transparent  mobile  liquid  was  isolated, 
the  physical  constants  of  which  corresponded  in  every  respect  to  data  for  diethylamlnoacetone  published  in  the 
literature  [2]. 

B.p.  57-58*  (16  mm).  n”p  1.4250,  d4"  0.8627. 

Found  C  65.02;  H  11.77;  N  10.69.  CtHijON.  Calculated C  65.07;  H  11.70;  N  10.84. 

With  semicarbazide  hydrochloride  in  an  aqueous  alcohol  solution  (after  an  equivalent  quantity  of  NaOH 
had  been  added)  the  substance  yielded  a  scmicarbazone  forming  white  needles  with  a  m.  p.  =  143*  on  recrys¬ 
tallization  from  benzene.  A  sample  of  the  product  obtained  did  not  show  any  depression  of  the  melting  point 
on  being  mixed  with  the  scmicarbazone  of  diethylamlnoacetone. 

The  gaseous  products  of  splitting  were  investigated  by  absorption  gas  analysis  and  combustion.  Tlie  com¬ 
position  of  the  gas  mixture  that  had  been  isolated  was  as  follows  (in  <^c):  olefins  —  56.  air  —  36,  hydrogen  —  4. 
acetylene  —  3.  saturated  hydrocarbons  —  1. 

On  being  freed  of  acetylene  by  absorption  wirh  Ilosvay  reagent,  the  gas  was  subjected  to  bromlnation. 
The  product  that  was  isolated  had  constants  corresponding  in  every  respeet  to  data  published  in  the  literature 
for  dibromoethane. 

B.  p.  128-129*.  if “d  1.5382,  2.1780.  Found  ^c:  Br  85.37.  C2H4Br2.  Calculated  Br  85.11. 

Preparation  of  l,6-di-(dipropylamino)-2.5-dimcthylhexyn-3-diol-2,5  (III).  30  g  of  dioxide  (I)  and  47  g 
of  dipropylamine  were  heated  for  25  hr  at  120*  in  a  scaled  tube  placed  in  an  oil  bath.  After  two  distillations 
in  high  vacuum  21  g  of  a  viscous  liquid  was  isolated  which  was  soluble  in  water  and  in  organic  solvents. 

Found  yc:  C  70.57;  H  11.78;  N  8.15;  act.  H  1.88.  CjgHjeOjNj.  Calculated  C  70.53;  H  11.84;  N  8.23; 
act.  H  2. 

Splitting  of  dizminoglycol  (III).  20  g  of  (111)  were  subjected  to  distillation  at  atmospheric  pressure.  Split¬ 
ting  took  place  at  200-250"  and  continued  for  a  period  of  4  hr.  Fifteen  grams  of  liquid  and  0.1  liter  of  gas  were 
isolated.  Analysis  of  the  products  of  splitting  was  conducted  as  described  above.  On  distillation  in  vacuum  5  g 
of  N-propyl-3-methylpyrrole  (V)  was  isolated,  the  physical  characteristics  of  which  are  given  in  the  table.  This 
is  a  transparent  mobile  liquid  which  does  not  dissolve  in  water,  but  dissolves  with  facility  in  organic  solvents.  It 
gives  tlie  characteristic  reactions  of  a  pyrrole. 

Found  <7c:  C  78.11;  H  10.49;  N  11.29.  CgHuN.  Calculated  ofo:  C  77.98;  H  10.65;  N  11.37. 

By  using  the  method  described  above,  an  azodyestuff  was  obtained  in  the  form  of  a  light-red  liquid  which 
was  insoluble  in  water,  but  dissolved  readily  in  ether  and  alcohol.  Because  it  oxidized  rapidly  in  the  air,  no 
consistent  analytical  results  could  be  obtained;  b.  p.  141-142*  (2  mm),  <f®4  1.0362.  With  picric  acid  In  an 
aqueous-ethereal  solution  this  substance  formed  a  picrate  which  consisted  of  large  prismatic  crystals  of  a  dark 
blue  color;  on  recrystallization  from  alcohol  the  picrate  melted  at  95-96*. 

Feund '5t:  N  18.60.  Ci4H„Nj  •  CgHjO^II,.  Calculated  <ic:  N  18.42. 

Treatment  of  the  bisulfite  compound  with  KOH  and  subsequent  distillation  in  vacuum  yielded  8  g  of  a 
mobile  transparent  liquid  the  physical  constants  of  which  corresponded  in  every  respect  to  data  published  for 
dipropylaminoacetone  [3]. 

B.  p.  53-54*  (5  mm),  i^®D  1.4297,  0.8563.  Found  <%.  c  69.00;  H  12.22;  N  8.87.  C,Hi^N.  Cal¬ 

culated  ‘Jfe;  C  68.73;  H  12.18;  N  8.98. 

With  semicarbazide  hydrochloride  in  an  aqueous  alcohol  solution  (after  addition  of  an  equivalent  amount 
of  NaOH)  the  substance  yielded  a  semicarbazone  —  white  platelets  with  a  m.  p.  =  145*  on  recrystallization  from 
benzene. 
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The  gas  which  evolved  during  the  splitting  of  (III)  was  subjected  to  bromlnation. 

The  1,2-dIbromopfopane  that  formed  had  physical  characteristics  which  corresponded  fully  to  published 

data. 

B.  p.  140-14r,  rf ®4  1.5206,  1.9325.  Found  <%:  Dr  79.30,  Csl^Brj.  Calculated  Br  79,21, 

SUMMARY 

It  was  shown  that  reaction  of  2,5-dimethyl-dioxido-l,2;  5,6-hexyne-3  with  secondary  amines  produces  ter¬ 
tiary  acetylenic  diamlnoglycols,  which  upon  heating  are  split,  forming  the  corresponding  dialkylaminoketoncs, 
N-substituted  pyrrole  homologues,  and  olefins. 
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A  large  number  of  publications  deal  with  the  Interactions  into  which  alcohols  and  amines  enter  with 
chlorides  of  phosphorus  acids.  The  rcacrJons  in  question,  as  Is  known,  lead  to  the  formation  of  esters  in  the 
first  case  [1]  and  of  amides  of  the  corresponding  phosphorus  acids  in  the  second  case  [2],  As  far  as  the  nature 
of  the  interaction  of  aminoalcohols  with  clilorides  of  phosphorus  acids  is  concerned,  no  information  on  the 
reactions  involved  has  been  given  in  the  literature  hitherto.  In  Investigating  the  direction  which  the  reaction 
of  chlorides  ot  phosphorus  acids  may  take  when  the  other  reacting  substance  is  an  aminoalcohol,  I.e.,  a  com¬ 
pound  containing  two  nucleophilic  groups  (a  hydroxy  group  and  an  amino  group),  one  must  take  Into  considera¬ 
tion  quite  generally  tlie  possibility  that  either  the  Hydroxy  or  the  amino  group  may  react  and  also  the  additional 
possibility  tliat  both  of  these  functional  groups  may  react  simultaneously,  in  accordance  with  the  scheme  in¬ 
dicated  below: 


>i'— C! 

(A) 

:  1*— o(cii..)»Nii2 

(A) 

(I) 

1  ii()((:ii.)„Nii2 - ^  >r— NM(Cii2)„on 

\  /  1  \ 
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>P_o(cn2),Nii-p< 
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An  investigation  of  the  reactions  formulated  above  which  was  undertaken  by  us  Indicated  that  under  cer¬ 
tain  conditions  pertaining  to  the  ratio  of  the  reacting  substances  and  the  temperature  only  the  first  direction  of 
the  reaction  scheme  shown  is  realized.  Thus,  the  interaction  of  ethanolamlne  with  phosphorus  oxycliloride  at  a 
stoichiometric  ratio  of  the  reacting  substances  and  a  temperature  no  higher  than  90*  led  to  the  formation  of  the 
trihydrochloride  of  the  tri-(  0-aminoethyl  ester)  of  phosphoric  acid  with  a  yield  close  to  the  theoretical  accord¬ 
ing  to  the  following  equation: 


I'OCIa -f  rillOClIXHaNII.  — ►  l’<)(f)Oll2(;il2NII.  •  IICI), 

Phosphorus  trichloride,  the  dichloride  of  methylphosphinic  acid,  the  dichlorlde  of  phenylphosphinic  acid, 
and  the  dichlorlde  of  p-chlorophenylphosphinic  acid  react  with  enanolamine  In  the  same  manner.  The  reaction 
of  phosphorus  acid  chlorides  with  hexano!amine-l,6*proceeds  in  the  same  direction.  The  composition  of  the 
products  obtained  was  confirmed  by  the  results  of  elementary  analysis. 

•  The  hexanolamlne-1,6  was  kindly  supplied  by  P,  A,  Moshkin  andE,  A.  Preobrazhenskil,  for  which  the  authors  thank 
them. 
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The  free  bases  were  prepared  from  the  hydrochlorides,  Potentlomctric  titration  and  analysis  according  to 
Van  Slyke  confirmed  the  presence  of  primary  amino  groups  in  tne  products  obtained.  As  far  as  the  properties  of 
the  new  compounds  are  concerned,  one  must  note  that  in  contradistinction  to  tf»e  lability  of  O-acyl  derivatives 
of  ethanolamlne,  which  have  a  tendency  to  Isomerize  spontaneously  Into  N-acyl  derivatives  [3], 

HC-OC1I2CII2NII2  — *  nociijCiijNM-c-n. 

<5  .5 

the  phosphorus  acyl  aminoalcohols  are  stable  under  ordinary  conditions.  However,  one  must  bear  in  mind  that# 
depending  on  the  constitution  of  the  initial  hydroxyamir.es,  the  phosphorus-containing  amines  which  are  obtained 
may  undergo  at  high  temperature  (of  the  order  of  150*  or  higher)  cyclization  in  the  case  of  a  short  carbon  chain 
of  the  initial  aminoalcohol,  as  has  been  shown  on  the  example  of  the  di-(  S-aminoethyl  ester)  of  methylphos- 
phinic  acid. 


/OCJIaCIUNlIj 

CHaP/ 
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or  partial  regrouping  from  O-derivailves  to  N-derivatives  in  the  case  of  a  long  carbon  chain  of  the  initial  amino¬ 
alcohol.  as  has  been  shown  on  the  xample  of  the  di-((J-aminohexyl  ester)  of  methylphosphinic  acid: 


/0(CII..)cNll2  .NH(CIMoOIl 

Cllal'/  ■  Cll3P< 

5  \0(CIl2)cNn2  II  \NII{CII2)oOII. 

O  O 


Investigation  of  the  interactions  of  aminoalcohols  with  the  chlorides  of  phosphorus  acids  made  it  possible 
to  syiitiieslze  a  new  group  of  erga nophosphorus  compounds  with  two  or  three  amino  groups  (4],  which  may  serve 
as  initial  dl-  cr  triamine  monomers  for  tlie  preparation  of  high-molecular  compounds  containing  phosphorus. 

Furthermore,  the  results  obtained  In  this  research  gave  rise  to  the  expectation  that  the  interaction  of  phos¬ 
phorus  acid  chlorides  with  alcohols  in  the  presence  of  primary  amines  would  also  lead  to  the  formation  of  phos¬ 
phorus  acid  esters,  with  the  primary  amines  functioning  solely  as  acceptors  of  hydrogen  chloride,  according  to 
the  equation  formulated  belov/  for  the  case  of  phosphorus  trichloride  and  ethyl  alcohol: 


rcia  +  aiiocji^-f  3nN’ii2  —  P(0C2H5)3-i-3nNH2- hci, 

where  R  is  an  alkyl  or  aryU 

Experiments  along  this  line  which  have  been  carried  out  confirmed  fully  the  correctness  of  this  assumption: 
Tne  interaction  of  various  alcohols  with  phosphorus  trichloride  in  the  presence  of  primary  amines  resulted  in  the 
formation  of  a  number  of  phosphites,  which  v'ere  obtained  with  good  yields  [53. 

EXPERIMENTAL 

Trihydrochloride  of  the  tri-(S-aminoethyl  ester)  of  phosphoric  acid.  Into  a  three -necked  flask  equipped 
with  an  agitator,  a  thermometer,  a  dropping  funnel,  and  a  reflax  condenser,  18.3  g  (0,3  mol)  of  freshly  distilled 
ethanolamine  (d  1.022)  was  placed.  With  agitation  at  a  low  temperature  15.3  g  (0.1  mol)  of  freshly  distilled 
phosphorus  oxychloride  was  added  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above 
90*,  The  reaction  was  completed  in  1,5-2  hr.  The  product  obtained  was  washed  with  benzene;  it  crystallized 
on  being  boiled  in  absolute  alcohol.  M.  p.  212-213*. 

Found  C  21.56;  H  6.64;  N  12.70  (Van  Slyke);  N  12.9;  Cl  30.8;  P  9.7.  CsH2i04N,PCl,.  Calculated 
C  21.41;  H  6.32;  N  12.45;  Cl  31.6;  P  9.2. 

Tri-(B-aminoethyl  ester)  of  phosphoric  acid.  To  15  g  of  the  trihydrochloride  of  the  trl-(0-aminoetliyl 
ester)  of  phosphoric  acid  was  added  under  agitation  an  alcohol  solution  of  sodium  alcoholate  prepared  by 
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dissolving  3.1  g  of  metallic  sodium  in  lOO  ml  of  absolute  alcohol.  Precipitation  of  sodium  chloride  took  place 
during  2-3  hr,  with  a  slight  evolution  of  heat.  The  free  base  that  was  formed  went  Into  solution.  The  sodium 
chloride  was  filtered  oF  and  the  alcohol  evaporated.  The  free  base  (8  g)  was  obtained  In  the  form  of  a  yellow 
vhcous  liquid  with  an  amine  odor.  Yield  SO*^. 

Found  <%-,  N  18.1  (Van  Slyke);  P  13.5.  M  238.  QHijO^NjP.  Calculated  N  18.5;  P  13.65.  M  233. 

The  synthesis  of  a  number  of  other  phosphoius -containing  di-  and  triamines  was  carried  out  similarly. 
Data  obtained  by  elementary  analysis  of  the  compounds  prepared  are  listed  in  the  table. 


Found  <)fc 

Calcd. 

Formula 

Name  of  compound 

N 

(Van 

Slyke) 

P 

N 

P 

PfOC^IliMl,*  IIC1)3 

Trihydrochloride  of  tri(8  -amino 
ethyl  ester)  of  phosphorous 
acid 

12.7, 

13.2 

9.0.'.. 

9.1.3 

13.1 

9.6 

CIlaPfOCzIIiNHj*  IICI), 

& 

Dihydrochloride  of  di(8-amlno- 
etnyl  ester)  of  methylphos- 
phinic  acid 

10.7 

11.9, 

12.4 

1C.9 

12.12 

CHaPfOCalUNHo). 

1 

Di(fl-aminocthyl  ester)  of 
methylphosphinic  acid 

Ca 

17.3 

15.2.3 

16.95 

C8ll5P(OC2H4NH2*  HCl)., 

1 

Dihydrochloride  of  di(8 -amino- 
ethyl  ester)  of  phenylphos- 
phinic  acid 

S.r,.  3.7 

10.0. 

9.9 

9.91 

9.78 

Coir5P(Oc,ii4Nn2)., 

II 

0 

Di(B-aminocthyl  ester)  of 
phenylphosphihic  acid 

11.30. 

11.20 

12.3, 

12.6 

11.45 

12.70 

p-ciCon<P(OC..ii4Nii2 .  nciu 

11 

o 

Dihydrochloride  of  di(8-amino- 
ethyl  ester)  of  p-chlorophenyl- 
phosphinic  acid 

7.8, 7.7 

8.5,  S.O 

7.96 

8.82 

p-ClCo!l4»’(OC2H4NH2). 

11 

0 

Di(8-amiiioethyl  ester)  of 
p-chlorophcnylphosphinic 
acid 

9.93 

11.0 

10.05 

11.12 

CH3P(OCflH,2Ml2  .  IIC1)2 

i!) 

Dihydrochloride  of  di(w -amino 
hexyl  ester)  of  methylphos¬ 
phinic  acid 

7.03. 

7.8 

8.6. 8.9 

7.65 

8.45 

Cn3P(OCo”j2N»-)2 

A 

Di(w-aminohexyl  ester)  of 
methylphosphinic  acid 

9.3 

10.85 

8.9 

10.5 

CflllfirfOCoHi-NHj  •  IICI). 

!!> 

Dihydrochloride  of  di(ui -amino 
hexyl  ester)  of  phenylphos- 
phinic  acid 

6.4. 

6.63 

7.2. 7.3 

6.53 

7.22 

C«H5P(OCelI,2NH2)2 

ft 

Di(w-aminohexyl  ester)  of 
phenylphosphinic  acid 

7.57, 

7.7 

8.5, 8.6 

7.86 

8.7 

p-ClCoHrPCOCeHijNlij  .  MCI), 

0 

Dihydrochloride  of  di(u  -amino- 
hexyl  ester)  of  p-chloro- 
phenylphosphinic  acid 

6.1.3. 

6.20 

0.6. 6.8 

6.05 

6.7 

p-  ClC«H4P(OCan  ijN  11  j)j 

ft 

Klyachko  collaborated  in  the  e 

Di(w-aminoi»exyl  ester)  of 
p-chlorophenylphosphinic 
acid 

xperimental  part  of  the  investigi 

7.30. 

7.40 

ttioa. 

7.8, 7.7 

7.16 

7.94 

SUMMARY 

1*  The  reactions  of  different  phosphorus  acid  chlorides  with  fatty  hydroxyamines  were  investigated. 

2,  It  was  established  that  at  stoichiometric  ratios  of  the  reacting  substances  and  temperatures  no  higher 
than  90*,  the  chlorides  of  phosphorus  acids  react  with  fatty  hydroxyamines  exclusively  at  the  hydroxy  group  of 
the  latter. 
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3.  Eight  pho5phorus-containlng  di>  and  triamLnes  that  haa  not  been  reported  before  were  synthesized, 
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In  a  previous  communication  [1]  reaction  conditions  for  cyanoethylatlon  of  benzimidazolone  and  mer- 
captobcnzlmidazole  were  described.  Continuing  the  Investigation  of  new  physiologically  active  substances  In 
a  series  of  nitrogenous  heterocyclcs,  we  attempted  in  the  present  work  the  preparation  of  cyanoethylated  deriva¬ 
tives  of  substituted  benzimidazole,  namely  5(6)-nltro-  and  2-methyl-5(6)-nltrobenzlmidazoles.  On  cyanoethyl- 
atlng  2-methyl-5(6)-nltrobenzlmldazoie  two  isomers  are  obtained;  l-cyanoethyl-2-metliyl-5-nitrobenzlmida- 
zole  with  m,  p,  2C5-206*C  (I)  and  l-cyanoethyl-2-methyl-6-nitrobenzlmldazole  with  m,  p.  191-192*  (II). 


1  I  \c-cii3 


0,N 


OaN 


N,— CII2CH2CN 
\  ^C-CHs  f 

ii) 


+  I  I  "C-CHj 
OjN'  >  / 

X/Nn^CIIz-CHjCN 

(II) 


On  cyanoethylating  5(6)-nitrcbenzimldazole  two  isomers  are  obtained  also;  l-cyanoethyl-G-nltrobenzlmi- 
dazole  with  m.  p.  187.5-189*  (HI)  and  l-cyanoethyl-5-nitrobenzimidazole  with  m,  p,  203-204*  (IV). 
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Bearing  in  mind  that  the  basicity  of  isomers  with  a  nitro  group  in  the  6-position  should  be  greater  than 
the  basicity  of  isomers  with  a  nitro  group  in  the  5-position  owing  to  the  effect  of  conjugation,  it  would  be  ex¬ 
pected  that  the  yield  of  l-cyanoethyl-2-methyl-6-nitrobenzimidazole  (II)  and  l-cyanocthyl-6-nItrobenzImIda- 
zole  (ill)  would  be  greater  than  the  yield  of  the  corresponding  isomers  with  a  nitro  group  in  the  S-position,  since 
cyanoethylatlon  under  similar  conditions  proceeds  more  readily  the  greater  the  basicity.  In  actual  fact,  the  low- 
melting  isomers  (II)  with  m.  p,  191-192'  and  (III)  with  m,  p,  167.5-189*  were  obtained  predominantly.  Our  ob¬ 
servations  are  also  confirmed  by  work  on  methylati^^n  of  benzimidazole  [2],  in  which  It  is  established  that  the 
ratio  of  Isomers  obtained  on  methylating  5(6)-derlvatIves  of  benzimidazole  depends  on  the  properties  of  the  sub¬ 
stituent  in  the  5(6)-position,  and  especially  on  the  pH  of  the  reaction  medium. 

To  determine  the  disposition  of  the  nitro  groups  in  the  Isomers  obtained  and  to  identify  the  latter  we  carried 
out  counter  synthesis  of  l-cyanoethyl-2-methyl-5-nItrobenzImidazole  (1)  and  l-cyanoethyl-5-nltrobenzImIda- 
zole  (IV).  As  the  starting  point  in  the  synthesis  we  employed  B-aminopropionitrile  and  l-chloro-2,4-dlnltro- 
benzene.  The  reaction  proceeds  exceedingly  vigorously  with  evolution  of  heat,  and  is  therefore  carried  out  in 
a  solvent  at  room  temperature  or  with  cooling.  As  a  result,  we  obtained  a  good  yield  of  2,4-dInltro-N-B - 
cyanoethylanlline  (V) ,  a  yellow  crystalline  product  with  m.  p.  140-142*,  from  which  by  partial  reduction  of 
a  nitro  group  with  hydrogen  in  an  alcoholic-ammoniacal  medium  was  obtained  2-2mlno-4-nitro-N,0-cyano- 
ethylaniline  (VI),  a  red  crystalline  product  with  m.  p.  167-168*. 

By  condensing  (VI)  with  acetic  anhydride  a  product  with  m.  p.  205-206*  was  obtained,  corresponding  to 
Isonxjr  (I)  in  structure,  l.e.,  to  l-cyanoeihyl-2-methyl-5-nltrobenzimidazole. 
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A  mixed  sample  of  the  two  preparations  gives  no  melting  point  depression.  Consequently,  the  structure 
l-cyanoethyl-2-methyl-6-nltrobenzimIdazole  corresponds  to  isomer  (II)  with  m.  p.  191-192*.  On  reacting  (VI) 
with  formic  acid  a  product  with  m.  p.  203-204*  is  obtained. 


NllCIIaCllaCN 
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\/ 

NO; 

(VI) 


HCOOll 


.N;— CH2CII2CN 
■  '  ^CH 


(IV) 


A  sample  of  the  product  mixed  with  isomer  (IV)  does  not  give  a  melting  depression.  Accordingly,  the 
structure  l-cyanoethyl-6-nitrobenzimidazole  corresponds  to  isomer  (M)  with  m.  p.  187,5-189*. 

To  characterize  the  cyanoethylated  substitution  products  of  benzimidazole  obtained  (I-IV)  we  took  ultra¬ 
violet  absorption  spectra  in  aqueous  hydrochloric  acid  solution  on  an  SF-4  spectrophotometer  in  quarts 
cells  with  layer  thickness  2  cm  and  with  solution  concentrations  for  substances  (I)  and  (II)  1*10~*  and  for  sub¬ 
stances  (III)  and  (IV)  1.2*10'^  (see  diagram). 


EXPERIMENTAL 

Cyanoethylatlon  of  2-methyl-5(6)-nitrobenzimldazole.  Into  a  round-bonomed  flask  fitted  with  reflux 
condenser,  stirrer,  dropping  funnel,  and  thermometer  were  introduced  3.95  g  of  2-methyl-5(6)-iiitrobenzimida- 
zole,  0.4  g  of  triethylbenzylammonium  hydroxide,  and  20  ml  of  dioxane.  Three  ml  of  acrylonitrile  was  added 
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dropwlsc  to  the  solution  with  the  temperature  at  50-60*.  As  the 
acrylonitrile  was  poured  in  the  reaction  mixture  reslnified  slightly 
and  went  into  solution.  Cn  completion  of  the  reaction.dioxane 
was  distilled  off  in  vacuo,  and  the  crystalline  residue  dissolved 
in  75  ml  of  a  1-2'^  boiling  hydrochloric  acid  solution  with  a 
pinch  of  animal  charcoal.  After  cooling,  the  hydrochloric  acid 
solution  was  treateo  with  8-10<7c  ammonia  until  weakly  alkaline. 
The  precipitate  settling  out  was  filtered  off,  washed  free  of  traces 
of  ammonia  with  water,  and  dried  at  105,*  4.96  g  (95.2‘7.)  was 
obtained.  The  product  wa;  heated  with  130  ml  of  water,  a  con¬ 
siderable  amount  of  the  crystals  remaining  undissolved.  The 
residue  insoluble  in  water  was  separated  from  tlie  aqueous  solu¬ 
tion.  3.2  g  (64.5=^)  of  l-cyanoethyl-2-methyl-6-nitrobenzlml- 
dazole  (II)  was  obtained;  it  was  readily  soluble  in  acetone  and 
in  alcohol,  and  after  recrystallizing  from  petroleum  ether  melted 
at  191-192*.  A  sample  mixed  with  the  starting  material  gave 
a  sharp  drop  in  melting  point. 

Found  C  57.50;  H  4.43;  N  24.41.  CuHjoOjN^.  Cal¬ 
culated  'Jt:  C  57.39;  H  4.34;  N  24.34. 

After  distillation  of  water  from  the  mother  liquor  In  vacuo. 
l-cyanocthyl-2-mcthyl-5-nitrobcnzimidazolc  (I)  was  obtained 
as  a  white,  crystalline  substance,  soluble  in  alcohol,  toluene, 
and  ethyl  acetate.  After  recrystallizatlon  from  alcohol  it  had 
m.  p.  205-206*. 

Found  <7c:  C  57.41;  H  4.16;  N  24.19.  CUH10O2N4.  Cal¬ 
culated  C  57.39;  H  4.34;  N  24.34. 

Cyanocthylatlon  of  5(6)-nitrobenzimidazole  was  carried  out  similarly.  To  a  mixture  of  5  g  of  5(6)-nitro- 
bcnzlmidazolc  and  0.5  g  of  iriethylbenzylammonium  hydroxide  in  20  ml  of  dioxane,3.3  ml  of  acrylonitrile  was 
added  dropwlse  from  a  dropping  funnel.  The  mixture  was  heated  and  stirred  at  50-60*  for  6-7  hours.  On  com¬ 
pletion  of  the  reaction  the  dioxane  was  distilled  off  in  vacuo  (15  mm),  and  iltc  crystalline  residue  remaining 
dissolved  in  100  ml  of  boiling  2‘5t  hydrochloric  acid.  After  cooling  the  hydrochloric  acid  solution  it  was  treated 
with  ammonia  until  it  gave  a  weakly  alkaline  reaction.  The  precipitate  of  a  mixture  of  isomers  of 

l-cyanocthyl-5(6)-nitrobenzlmidazolc  separating  out  was  washed  with  water  and  dried  at  105*.  To  separate 
the  isomers  the  precipitate  was  dissolved  in  100  ml  of  boiling  water.  The  precipitate  insoluble  in  water  was 
filtered  off  and  dried  at  105*.  4.8  g  (80‘ye)  of  l-cyanoethyl-6-nitrobenzimidazole  (III)  was  obtained;  after  rc- 
crystalllzing  from  benzene  a  numer  of  times  and  twice  from  acetoacetic  estei,m.  p.  was  187,5-189*.  It  was 
a  white  substance,  soluble  in  petroleum  ether,  alcohol,  and  acetone. 

Found  C  55.61.  55.73;  H  3.7,  3,67;  N  25.61,  25.77.  CioHgOjN^.  Calculated  ')fc;  C  55.55;  H  3.7; 

N  25.92. 

After  distilling  off  the  aqueous  mother  liquor  in  vacuo,  l-cyanoethyl-5-nitrobenzimidazole  (IV)  was  ob¬ 
tained.  After  drying  at  105*  and  recrystallizing  twice  from  alcohol  and  then  from  ethyl  a'cetate,  it  had  m.  p. 
203-204*,  yield  1.1  g  (18.3‘5fc). 

Found  C  55.48.  55.14;  H  3.57.  3.74;  N  25.60,  25.95.  CioK,02N4.  Calculated  ojci  C  55.55;  H  3.7; 

N  25.92. 

2,4-Dinitro-N.fl-cyanoethylaniline.  Into  a  round  bottomed  flask  fitted  with  stirrer,  reflux  condenser, 
and  thermometer  was  introduced  14,4  g  of  2,4-dinItrochlorobenzene  dissolved  in  20  ml  of  dioxane.  Five  g 
of  6-aminopropionitrile  was  gradually  added  dropwise  with  stirring  and  heating  to  20-25*.  After  2  hrs,  bril¬ 
liant  yellow  crystals  of  2,4-dinitro-N,fl-cyanoethylanlllne  began  to  settle  out  and  were  filtered  off,  Dioxane 
was  removed  in  vacuo  (15  mm).  In  all,  15,3  g  (81,4<^)  of  the  substance  was  obtained.  After  one  recrystalliza¬ 
tlon  from  benzene  and  two  from  chloroform  ,m,  p,  was  141-142*,  the  substance  forming  brilliant  yellow  aclcular 
crystals,  soluble  in  ether  and  benzene. 


V 


Ultraviolet  absorption  spectra  In  l')t  aque¬ 
ous  hydrochloric  acid,  I)  1-cyanoethyl- 

5- niirobcnzimidazolc;  II)  1-cyanoethyl- 

6- nitrobcnzImldazole;  III)  1-cyanocihyl- 
2-mclhyl-6~nItrobcnzimIdazole;  IV) 
l-cyanoethyl-2-mcthyl-5-nItrobcnziml- 
dazole. 
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Found  <5fc:  C  45.87.  45.95;  H  3.68.  3.87;  N  23.76.  23.69.  CjHjOjN^.  Calculated  ‘Jt;  C  45,75;  H  3.34; 

N  23,73. 

2-Amlno-4-nltro-N.  fl  -cyanoethylanUlne.  2,4-Dlnitro-N,6-cyanoethylanllInc  was  subjected  to  partial 
reduction  by  hydrogen  sulfide  in  an  alcoholic  —  ammonlacal  medium,  similarly  to  the  partial  reduction  of  2,4- 
dlnltrobenzene  [3],  6.28  g  of  the  substance  was  used  In  the  reaction.  Yield  of  2-amlno-4-nltro-N,fl-cyano- 
ethylaniline  was  5  g  (14,6%),  Red,  acicular  crystals,  readily  soluble  in  alcohol,  ether;  m.  p.  167-J68*  after 
recrystallizing  from  benzene. 

Found  <%i  C  52.22;  H  4.74;.  N  26.97.  C9H,o0  2N4.  Calculated  <%’.  C  52.42;  H  4.85;  N  27.17. 

Condensation  of  2- amtno-4-nitto-N,B -cyanoethylaniline  with  acetic  anhydride.  1  g  of  the  substance 
was  placed  in  a  25  ml  flask  and  freshly  distilled  acetic  anhydride  gradually  added  dropwise  over  a  period  of  1 
hr.  To  the  dark  brown  product  10  ml  of  15>7c  hydrochloric  acid  solution  was  added  and  the  mixture  heated  for 
1  hr.  After  cooling,  the  resulting  solution  was  neutralized  with  ammonia  until  a  weakly  alkaline  reaction  was 
given.  The  l-cyanoethyl-2-methyl-5-nItrobenzimidazole  obtained  was  filtered  off,  washed  with  water,  and 
dried  out  at  105*.  The  product  was  recrystallized  twice  from  water  with  animal  charcoal  and  from  acetone. 

The  white  crystals  obtained  had  m.  p.  205-206*.  A  sample  mixed  with  (I)  gave  no  melting  point  depression. 

Condensation  of  2-amino-4-nitro-N,  6 -cyanoethylaniline  with  formic  acid.  A  mixture  of  1  g  of  2-3mIno- 
4-nItro-N,fl -cyanoethylaniline  and  1.2  g  of  90=^  formic  acid  (2.5  ml)  was  heated  on  a  water  bath  for  2  hrs. 

After  cooling,  a  lO^^c  alkali  solution  was  slowly  added  to  the  reaction  mixture.  The  crude  product  was  pressed 
out,  washed  with  water,  and  purified  a  number  of  times  by  boiling  In  water  with  animal  charcoal.  After  recrys¬ 
tal  I  Izlng  from  benzene  m.  p.  was  203-204*.  A  sample  mixed  with  l-cyanocthyl-5-nitrobenzImIdazole  (IV)  gave 
no  melting  |x)int  depression. 

SUM  MARY 

1.  The  cyanocthylation  of  5(6)-nItrosubstituted  benzimidazole  was  suidied. 

2.  The  following  previously  undescrIbed  substances  were  prepared  and  characterized:  l-cyanoethyl-6- 
nitrobenzimidazole  and  l-cyanoethyl-5-niirobcnzImIaazole,  l-cyanoethyl-2-methyl-5-nitrobenzImldazolc 
and  l-cyanocthyl-2-mcthyl-6-nitrobcnzimIdazole. 

3.  Ultraviolet  asorptlon  spectra  of  Isomers  of  cyanoethylated  benzimidazole  derivatives  were  taken. 
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SYNTHESIS  OF  SEVERAL  ACYL  DERIVATIVES 
OF  PHENOTHIAZINE 

III.  DERIVATIVES  OF  NICOTINIC  ACBT 
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Of  the  acyl  derivatives  of  phenothiazine  the  derivatives  of  nicotinic  acid  have  so  far  not  been  described. 
Several  phenothiazine  derivatives  closely  related  structurally  to  its  nicotinyl  derivative  appeared  to  be  exceed¬ 
ingly  valuable  medical  preparations. 


/\\ 


it 

(A) 


n 

(n) 


/ — N-cn,. 

(I)U  =  -CH,-^  \ 

(II)  11  = -co-^ 

._N_CII,f. 

(III)  u=-co-<^  ^ 

N-C.II.f. 

(IV)  u  =  -co-^  ^ 


Thus,  l-mcihylpiperidino-3-methyl-lO-phenothiazine  (A  I),  known  by  the  name  "pakatalf  is  of  great 
interest  as  a  medicinal  preparation  having  a  tranquilizing  effect  on  the  central  nervous  system,  and  close  in  its 
properties  to  aminazine  [1]. 

While  concerned  with  the  synthesis  of  various  phenothiazine  derivatives  [2],  we  synthesized  in  the  present 
work  nicotinyl -10-phenothiazine  (A  II),  as  well  as  Its  lodomethylate  (A  HI)  and  iodoethylate  (A  IV).  In  the 
comparative  study  of  the  pharmacological  properties  of  the  compounds  and  with  the  aim  of  elucidating  the 
relation  between  their  chemical  structure  and  biological  activity  we  also  synthesized  similar  diphenylamine 
derivatives:  nlcotinyldiphenylamine  (B  II),  its  lodomethylate  (B  HI)  and  iodoethylate  (B  IV),  Preparation  methods 
and  properties  of  these  compounds  are  described  in  the  experimental  section.  The  preparations  synthesized  were 
handed  over  for  pharmacological  Investigation. 

EXPERIMENTAL 

Hydrochloride  of  nicotinyl  chloride  [3],  16  g  of  nicotinic  acid  was  heated  with  30  ml  of  thionyl  chloride 
for  15  hrs  in  a  flask  fined  with  a  reflux  condenser.  The  reaction  product  was  quickly  filtered  off  and  dried  in 
a  vacuum  desiccator.  24  g  v/as  obtained,  m.  p.  156*C.  Yield  was  almost  quantitative. 

Hydrochloride  of  nicotinyl-lO-phenothiazine.  6  g  of  phenothiazine  In  150  ml  of  toluene  was  heated  with 
6  g  of  the  hydrochloride  of  the  acid  chloride  of  nicotinic  acid  for  2.5  hrs  under  a  reflux  condenser.  The 
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crystalline  precipitate  formed  was  filtered  off,  washed  on  the  filter  with  toluene,  and  dried.  After  crystallizing 
twice  from  alcohol  m.  p.  was  209-212*.  7.2  g  (70.6  was  obtained.  A  bright  green  finely  crystalline  powder, 
readily  soluble  in  warm  alcohol  and  acetone.  The  salt  hydrolyzed  In  aqueous  solution. 

Found  7c;  N  8.47,  8.38;  Cl  10.18,  10.32.  CjjHiaONjSCl.  Calculated  7=:  N  8.22;  Cl  10.42. 

Nlcotinyl-10-phenothiazine  (base)  (A  II).  5  g  of  tlie  hydrochloride  of  nIcotinyl-lO-phenothiazIne  was  dis¬ 
solved  In  240  ml  of  alcohol.  The  solution  was  poured  Into  2  liters  of  dilute  aqueous  ammonia.  The  precipitate 
formed  was  filtered  off,  washed  with  water  (until  the  ammoniacal  odor  disappeared),  and  dried.  Recrystallized 
from  alcohol  the  product  had  m.  p.  111-112*.  3  g  (707c)  was  obtained.  A  white  amorphous  powder,  insoluble 
in  water,  readily  soluble  in  organic  solvents. 

Found  C  70.94,  70.16;  H  4.16,  3.84;  N  9.14,  9.09.  CigHjiONjS.  Calculated  Tfc;  C  71.05;  H  3.94; 

N  9.21. 

lodomethylate  of  nicotlnyl-10-phenothiazine  (A  III).  2  g  of  the  base  was  dissolved  in  20  ml  of  acetone. 
Excess  methyl  iodide  (2.5  g)  was  added  to  the  filtered  solution.  The  reaction  was  carried  out  at  room  tempera¬ 
ture.  The  precipitate  settling  out  was  filtered,  washed  on  the  filter  with  acetone,  then  with  ether,  and  dried. 
Recrystallized  from  alcohol  it  had  m.  p.  231-233*.  2.6  g  (907«)  was  obtained.  A  bright  yellow  crystalline 
powder,  sparingly  soluble  in  water,  readily  in  hot  alcohol. 

Found  7c:  N  6.38,  6.10;  I  28.57,  28.63.  CigHijONjSI.  Calculated  7c:  N  6.27;  I  28.25. 

lodocthylate  of  nicotinyl-lO-phenothiazine  (A  fV).  2  g  of  the  base  was  dissolved  in  50  ml  of  ethyl  ace¬ 
tate.  The  solution  was  filtered  and  heated  with  excess  ethyl  iodide  (2  ml)  for  3  hrs.  The  solution  then  went  from 
yellow-green  to  dark  red.  After  removal  of  solvent  the  precipitate  v/as  treated  with  ether.  We  obtained  1.6  g 
of  substance,  m.  p.  225-228*  (without  crystallizing).  After  crystallizing  from  alcohol,  1  g  (33.37))  of  substance 
was  obtained  with  m.  p.  228-230*.  The  substance  formed  yellow-orange  crystals.  Solubility  in  water  at  18*  was 
0.15-0.27o,  at  30-40*  about  0.47=;  in  alcohol  it  was  about  57)  at  room  temperature. 

Found  N  6.16,  6.18;  I  27.36,  27.79.  CjoHnONjSI.  Calculated  7^:  N  6.08;  I  27.60. 

Hydrochloride  of  N-nicotinyldiphenylamine.  3.4  g  of  diphenylamine  was  dissolved  in  100  ml  of  toluene. 

4  g  of  the  hydrocliloride  of  the  acid  chloride  of  nicotinic  acid  was  added  to  the  solution.  The  mixture  was 
heated  for  3  hrs  under  a  reflux  condenser.  The  reaction  was  accompanied  by  evolution  of  hydrogen  chloride. 

A  copious  precipitate  was  formed  during  the  reaction  process  and  was  filtered  off  and  dried.  The  product,  re- 
crystallized  from  alcohol,  had  m.  p.  214-215*.  5.5  g  (897c)  was  obtained.  A  light-yellow  (with  a  grayish  tinge) 
powder,  readily  soluble  in  water  and  alcohol,  insoluble  in  ether.  After  standing  for  a  short  while,  aqueous  solu¬ 
tions  hydrolyzed. 

Found  7=:  N  9.13,  9.42;  Cl  11.45,  11.78.  CigHijONjCl.  Calculated  7o;  N  9.01;  Cl  11.43. 

N-Nicotlnyldiphenylamine  (base)  (B  II).  3  g  of  the  hydrochloride  of  N-nicotinyldiphcnylamine  was  dis¬ 
solved  in  SO  ml  of  water;  the  solution  was  filtered  and  slowly  added  to  500  ml  of  water  made  strongly  alkaline 
with  soda.  The  precipitate  formed  was  filtered  off.  washed  with  water  and  dried.  1.8  g  (907))  was  obtained, 
m.  p.  147-148*  (from  alcohol). 

Found  7e:  C  78.64,  78.99;  H  5.34,  5.20;  N  10.54,  10.41.  CjgHigONj.  Calculated  C  78.83;  H  5.15; 

N  10.22. 

lodomethylate  of  N-nicotinyldlphenylamine  (B  Hi).  0,32  g  of  N-nicotinyldiphenylamine  (base)  was  dis¬ 
solved  in  10  ml  of  acetone.  Excess  methyl  iodide  (1  mi)  was  added  to  the  solution  at  room  temperature.  After 
several  hours  a  precipitate  separated  out,  0.9  g  (757;)  cf  a  substance  was  obtained,  m.  p,  217-219*  (without 
crystallizing).  Crystallizing  from  alcohol  gave  no  change  in  melting  jKjint.  The  substance  formed  a  pale- 
yellow  crystalline  powder,  sparingly  soluble  in  water  and  alcohol  at  room  temperature  (0,20-0.257)),  readily 
soluble  in  hot  alcohol. 

Found  <7:  I  31.00,  30.63.  CigHi^ONjU  Calculated  ojci  I  30.53. 

lodoethylate  of  N-nicoiinyldiphenylamine  (B  IV).  0,82  g  of  the  base  N-nicotinyldiphenylamine  was  dis¬ 
solved  in  10  ml  of  ethyl  acetate.  The  solution  was  filtered  and  heated  for  2,5  hrs  with  excess  ethyl  iodide. 

After  solvent  removal  (at  room  temperature)  the  remaining  resinous  product  was  treated  with  ether  (with  pro¬ 
longed  grinding).  0.95  g  of  raw  material  was  isolated.  After  crystallizing  from  alcohol  0.69  g  (537))  of  a 
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substance  with  m,  p,  139-141*  was  obtained.  It  formed  a  yellow  crystalline  powder  with  a  grayish  tinge,  spar¬ 
ingly  soluble  in  water  (0.20-0.25‘5t),  more  readily  so  In  alcohol. 

Found  <7::  1  29.40,  29.36.  CjoHiaONjL  Calculated 129.53. 

SUM  MARY 

1.  Nlcotinyl-10-phenothIazlne.  Its  hydrochloride,  lodomethylate,  and  lodoethylate  were  synthesized. 

2.  Analogs  of  these  compounds  were  prepared  containing  no  sulfur  In  the  molecule,  namely,  N-nlco- 
tlnyldlphcnylamine.  Its  hydrochloride,  lodomethylate.  and  lodoethylate. 
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One  of  us  has  previously  shown  that  aliphatic  ethers  with  bulkier  radicals  than  ethyl  [1]  and,  more  readily, 
dioxane  [2]  cqulmolecularly  displace  diethyl  ether  from  Mgl2*  2  (C2H5)20  and  form  withMgl2  oxonium  salts 
witii  a  more  stable  magnesium  to  oxygen  bond  than  the  one  in  the  molecules  of  the  substituted  ethereal  com¬ 
pound.  During  this  Investigation  we  undertook  the  study  of  the  reaction  of  fi''e-membered  heterocyclic  com¬ 
pounds,  in  the  first  place  with  Mgl2  *  2(02115)20.  In  this  regard.  It  was  established  that  tetrahydrofuran  enters 
into  exotherailc  reactions  with  magnesium  iodide  dietherate  and  equimolecularly  displaces  diethyl  ether  from 
it;  on  the  otlx:r  hand,  a-methyifuran  reacted  with  magnesium  Iodide  dietherate  at  an  appreciable  rate  only  above 
70“C  and  on  subsequent  heating  to  100*  displaced  from  it  one  less  stably  bound  diethyl  ether  molecule.  The  re¬ 
action  of  pyrrole  with  magnesium  iodide  dietherate  proceeds  with  still  greater  difficulty,  a  molecule  of  ethyl 
ether  being  displaced  only  at  about  135*.  Tlilophene  does  not  react  completely  with  magnesium  iodide  di- 
etherate  even  on  prolonged  heating  at  85-90*.  Thus,  magnesium  iodide  dietherate  appeared  to  be  a  convenient 
yardstick  in  the  comparative  estimation  of  the  degree  of  aromaticity  of  five-membered  0-,  N-,  and  S-hetero- 
cycllc  compounds,  tlic  elucidation  of  which  was  first  undertaken  by  Bamberger  [3],  and  later  Interpreted  from 
the  viewpoint  of  the  electronic  theory  by  Robinson  [4].  The  heterocyclic  compounds  enumerated  can  be  arranged 
in  the  order 


with  regard  to  increase  in  reluctance  to  giving  up  an  unshared  electron  pair  from  the  heteroatoms  with  formation 
of  "(Miium  bonds,*  and  in  the  case  of  sylvan,  pyrrole,  and  thiophene,  with  tegard  to  increase  in  stability  of  the 
electron  sextet  of  the  heteroncleus. 

This  order  is  also  confirmed  by  data  gained  in  the  study  of  the  thermal  decomposition  of  reaction  products 
of  the  heterocyclic  compounds  indicated.with  anhydrous  magnesium  iodide.  Tetrahydrofuran  forms  widi  the 
latter  a  compound  decomposing  on  heating,with  disruption  of  the  heterocycle  [5],  Sylvan  and  pyrrole  only  on 
heating  give  with  magnesium  iodide  compounds  decomposing  at  high  temperatures  also  with  disruption  of  the 
heterocycles.  Thiophene  does  not  react  with  magnesium  iodide  even  on  prolonged  heating.  From  this  it  follows 
that  furan  and  pyrrole  and  their  compxjunds  retain  a  "benzoid  type”  state  of  the  electrons  in  the  heteronuclei 
only  at  low  temperatures;  with  increase  in  temperature  the  nucleus  is  disrupted,  unshared  pain  of  oxygen  and 
nitrogen  elections  being  liberated,  thereby  allowing  the  formation  of  stable  onium  bonds  with  magnesium  sub¬ 
iodide. 
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this  also  explains  the  decomposition  of  O-  and  N-heteronuclel  on  heating  similar  compounds.  The  course  of 
the  decomposition  of  sylvan  and  pyrrole  compounds  with  Mgl2»  together  with  the  above,  forces  tlic  conclusion 
that,  besides  formation  of  onlum  salts,  condensation  reactions  of  sylvan  and  pyrrole  occur  at  elevated  tempera¬ 
tures. 

The  ability  of  the  indicated  heterocyclic  compounds  to  form  onlum  salts  can  hardly  be  proposed  as  being 
related  to  tl>e  polarity  of  their  molecules.  Thus,  in  the  aliphatic  ether  series,  with  increase  in  mass  the  dipole 
moments  of  the  radicals  entering  them  decrease:  CH3“0-Cn3,1.29D;C2H5-0— CjHs,  1.12D;  iso-(C5f  131)20, 
l.OD  [6).  The  last  ether  displaces  diethyl  ether  from  Mgl2  *2(02115)20  [I3.  Considering,  too,  the  fact  that 
dioxane  with  a  dipole  moment  of  the  order  of  0.4  D  [7]  acts  on  Mgl2  *2(02115)20  still  more  vigorously,  the  con¬ 
clusion  must  be  made  that  in  substances  of  ether  type  the  ability  to  form  onium  compounds  increases  with  de¬ 
crease  in  polarity  of  their  molecules.  However,  sylvan*  docs  not  displace  diethyl  ether  from  Mgl2  * 2(C2H5)20 
under  ordinary  conditions;  on  the  contrary,  tetrahydrofuran  with  dipole  moment  1.81  D  [8]  readily  displaces  it, 

A  definite  relationship  between  the  above  ability  and  magnitudes  of  the  angles  between  valences  in  the 
heteroatoms  was  not  observed  cither.  In  the  ether  scries,  v/Ith  increase  in  otolecular  weight  and  decrease  in 
polarity  the  angle  between  the  valences  at  the  oxygen  must  increase  from  the  limiting  value  of  111"  In  CH3-O-CHS 
[9].  On  the  one  hand,  dlisoamyl  ether,  with  a  greater  valence  angle  at  the  oxygen,  and  on  the  other  hand,  di- 
oxanc  with  a  corresponding  angle  of  110*  [10],  smaller  than  the  angle  between  tlxj  oxygen  valences  in  diethyl 
ether,  displace  the  latter  from  Mgl2  *2(02115)20.  Almost  the  reverse  effect  Is  observed  in  O-heterocyclIc  com¬ 
pounds;  Tetrahydrofuran  with  a  valence  angle  of  111  t  2*  [11]  displaces  diethyl  ether  from  Mgl2*  2(02115)20, 
but  sylvan,  with  a  smaller  valence  angle,*  *  does  not  displace  it.  Thus,  the  ability  of  heteroatoms  to  form 
onium  bends  is  not  limited  by  any  one  property  of  the  molecules  containing  them  or  of  the  hetcroatom  itself. 

A  clue  to  the  solution  of  this  question  may  be  sought  Ln  the  specificity  cf  the  mutual  influences  of  the  atoms 
found  in  the  hcterocyclcs,  since  the  participation  of  heteroatoms  in  formation  of  cyclic  systems  Increases  their 
ability  to  form  onlum  compounds.  By  way  of  confirmation  of  the  proposition  can  be  quoted  the  fact  established 
by  us  that  dioxane  and  tetrahydrofuran  form  with  Mgl2  stabler  compounds  tlian  do  aliphatic  ethers. 

’  EXPERIMENTAL 

Exj)ctlmcnts  performed  in  the  study  of  the  thermal  decomposition  of  products  of  the  reaction  of  chemically 
pure  heterocyclic  compounds  with  magnesium  iodide  dietherate  and  with  magnesium  iodide  were  carried  out  in 
the  apparatus  described  previously  [1].  The  Mgl2  was  prepared  by  thermal  decomposition  of  magnesium  iodide 
dietherate. 

1.  Experiments  with  Tetrahydrofuran*  *  • 

a)  Mixing  0,1  mole  of  melted  Mgl2  •  2(02115)2©  with  0,1  mole  of  tetrahydrofuran  was  accompanied  by 
heating  and  climinationof  liquid  by  evaporation.  On  heating  further  to  100"  until  evaporation  ceased  completely, 

7  g  of  a  liquid  was  obtained  with  b.  p.  35-36*  (753  mm),  completely  soluble  in  concentrated  hydrochloric  acid. 
Mixing  of  the  reaction  product  cooled  to  20*  with  0,1  mole  of  tetrahydrofuran  also  proceeded  with  evaporation 

of  a  liquid  from  which,  after  heating  to  100",  6.8  g  of  diethyl  ether  was  obtained  with  b,  p,  35-36*  (753  mm). 
Thus.tetrahydrofuranequimolecularly  displaces  diethyl  ether  from  Mgl2  *  2(C2H5)20.  After  heating  for  3  his  at 
225-230*  and  for  2  hrs  at  350-360",  from  Mgl2  •2C4H50,12  g  and  2  g  respectively  of  dark-colored  liquid  distil¬ 
lates  and  1,35  liters  of  a  gas  (24*,  747  mm)  were  obtained.  In  the  gas  were  found  1,75^  hydrogen,  0.5‘5t  satu¬ 
rated  and  7.2*^  unsaturated  hydrocarbons.  From  the  liquid  distillate  were  isolated  4.4  g  of  tetrahydrofuran  with 
b,  p,  63.5-64*  (749  mm),  0.8930,  r?®D  1.4025;  and  3  g  of  a  fraction  with  b,  p.  66-85*.  The  residue  from 
fractionation  contained  6  g  of  iodine. 

b)  Reaction  of  0.1  mole  of  Mgl2  with  0,2  mole  of  tetrahydrofuran  proceeded  exotheimally  with  forma- 
tlon  of  a  white,  voluminous  substance.  After  heating  for  3  hrs  at  135-150*  and  195-200",  6.8  g  of  liquid  distillate 

•  The  dipole  moment  for  furan  is  known  —  0,7  D  [8], 

•  *  Valence  angle  at  the  oxygen  in  furan  is  equal  to  107  ±  3*  [11], 

•  •  *  We  express  our  thanks  to  G,  L  Kuznetsova  for  presenting  the  tetrahydrofuran. 
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was  obtained  from  It,  containing  5.6  g  of  telrahydrofuran  with  b.  p.  63-64*  (744  mm),  dF®4  0.8960,  On  decom¬ 
posing  the  product  further  at  360*,  1.5  liters  of  a  gas  was  obtained  (22*,  748  mm)  in  which  were  found  of 
hydrogen,  0.68'7t  of  saturated  and  6.6“^  of  unsaturatcd  hydrocarbons,  and  7  g  of  a  dark-colored  liquid.  From  the 
latter  were  Isolated  1.0  g  of  tetrahydrofuran  and  1,3  g  of  a  fraction  with  b,  p,  66-85*.  The  residue  from  the 
fractionation  contained  4.4  g  of  Iodine.  Thus,  of  the  two  molecules  of  tetrahydrofuran  combined  with  Mglx, 
only  one  underwent  fission. 

2.  Experiments  with  Sylvan* 

a)  Addition  of  0.2  mole  of  sylvan  to  0.1  mole  of  Mgl2  •2(C2H5)jO  did  not  result  In  any  temperature  change. 

After  heating  for  3  hrs  at  100*,  14,1  g  of  liquid  distillate  was  obtained,  from  which  were  Isolated  6.9  g  of  diethyl 
ether  and  6.5  g  of  sylvan.  From  these  data  it  follows  that  only  at  an  elevated  temperature  is  sylvan  capable  of 
displacing  one  molecule  of  diethyl  ether  from  Mgl2  *2(02115)20.  After  heating  for  3  hrs  at  170-200*,  with  sub¬ 
sequent  heating  to  360*,  0.55  liter  of  a  gas  (22*,  749  mm)  and  18,3  g  of  liquid  distillate  were  obtained.  On  frac¬ 
tionating  the  latter  the  following  were  isolated;  3  g  of  diethyl  ether  with  b.  p,  35-36*,  7,8  g  of  sylvan  with  b,  p, 
63-G3.5*  (750  mm),  cF*4  0.9100.  1.4290,  and  4  g  of  ethyl  iodide  with  b.  p.  71-72*,  d^®^  1.9271,  n*®D  1,5100, 

In  the  residue  from  the  distillation  was  found  3  g  of  iodine.  Decomposition  was  accompanied  also  by  HI  forma¬ 
tion.  Formation  of  ethyl  iodide  is  connected  with  the  action  of  HT  on  the  complex  product  containing  diethyl 
ether  [1],  Sylvan  underwent  rupture  only  to  a  slight  degree, 

b)  On  heating  a  mixture  of  0,1  mole  of  Mgl2  and  0.2  mole  of  sylvan,  a  dark,  viscous  product  was  formed. 

At  170*  an  exothermic  reaction  began,  with  increase  in  temperature  to  180*.  After  lieatlng  for  3  hrs  at  195- 
200*,  3,5  g  of  a  liquid  distillate  was  obtained.  Including  2.6  g  of  sylvan  with  b.  p.  63-64*  (749).  On  further 
heating  to  360*,  0,6  liter  of  a  gas  (20*,  749  mm)  was  obtained,  containing  5.8')t  hydrogen,  0.2'^  saturated  and 
l.G5‘7c  unsaturatcd  hydrocarbons,  and  3.5  g  of  liquid  distillate,  in  which  was  found  2.7  g  of  iodine.  Decomposi¬ 
tion  was  accompanied  by  HI  fonnation  and  sublimation  of  iodine. 

3.  Experiments  v/ith  Pyrrole 

a)  After  mixing  0,1  mole  of  Mgl2  •  2(02115)20  and  0,2  mole  of  pyrrole  and  heating  to  135-138*,  a  liquid 
began  to  evaporate  off.  From  7,3  g  of  distillate, 6.8  g  of  diethyl  ether  with  b,  p,  35-36*  was  obtained,  com¬ 
pletely  soluble  In  concentrated  hydrochloric  acid.  Thus,  under  the  given  conditions,  tlxi  following  reaction 
proceeded;  Mgl2  •  2(02115)20  +  204n5N  -*  Mgl 2  *(02115)20*  2O4H5N  +  (02115)20,  On  heating  the  latter  product 
to  360’,  8.2  g  of  a  liquid  distillate  was  obtained,  from  which  were  isolated  3,4  g  of  diethyl  etlier  and  4  g  of 
pyrrole,  witli  b.p.  rjS-l‘29‘ (747  mm),  d^®4  0.9740,  n^®D  1.5080.  The  carbonlikc  residue  from  the  decomposition 
was  treated  with  caustic  soda  solution  and  then  with  steam.  0.3913  g  of  ammonia  wasfound  in  thcdistillate  (150  ml). 

b)  On  heating  a  mixture  of  0.1  mole  of  Mgl2  and  0,2  mole  of  pyrrole  to  134-135*,  an  exothennlc  reaction 
began,  the  temperature  rising  to  145-147*,  and  a  dark,  viscous  product  being  formed.  After  heating  for  2  hrs 

at  150*,  0,9  g  of  pyrrole  was  distilled  off  from  It,  It  was  then  treated  four  times  with  10  ml  of  water  with  sub¬ 
sequent  distillations  of  a  liquid.  From  36  g  of  the  liquid  distillate,  5  g  of  pyrrole  was  isolated  with  b.  p.  128- 
128.5*  (  747  mm),  0,9750,  In  tliis  way  it  was  shown  that  one  of  the  pyrrole  molecules  Is  more  stably  bound 
to  the  Mgl2.  After  treatment  with  water,  the  product  was  subjected  to  decomposition  at  a  teinf>erature  of  360*. 
About  5  ml  of  a  liquid  was  obtained,  from  which  was  isolated  0.9  g  of  pyrrole.  After  alkalization,  the  dry  resi¬ 
due  in  the  flask  was  treated  with  steam,  0.2540  g  of  ammonia  being  found  in  the  distillate  (ISO  ml). 

4.  Experiments  with  Thiophene* 

a)  After  addition  of  0.2  mole  of  thiophene  to  0,1  mole  of  Mgl2 * 2(C2H5)20  and  subsequent  heating,  first 

at  85-90*  and  then  at  125-130*,  17,6  g  of  a  liquid  distillate  was  obtained,  from  which  was  isolated  15,9  g  of  thio¬ 
phene  with  b.  p.  83.5-84*  (753  mm),  ^"4  1.0641,  r?®D  1.5288. 

b)  After  addition  of  0,2  mole  of  thiophene  to  0,1  mole  of  Mgl2  and  subsequent  heating  for  2  hrs  at  100*, 
16.5  g  of  a  liquid  distillate  was  obtained,  giving  on  fractionation  16.3  g  of  thiophene  with  b.  p,  84*  (753  mm). 


•We  express  our  thanks  to  L  F,  Bel'skii  for  presenting  the  sylvan. 

•  •  We  express  our  thanks  to  S,  Z,  Tails  for  presentation  of  thiophene. 
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SUMMARY 


1,  It  was  shown  that  tetrahydrofuran  equimolecularly  displaces  diethyl  ether  from  Mgl 2  * ‘d(C 2115)20  and 
gives  the  compound  Mgl2  *2041150,  tne  decomposition  of  which  proceeds  with  decomposition  of  one  molecule 
of  tetrahydrofuran, 

2,  It  was  established  that  sylvan  and  pyrrole  on  heating  displace  one  molecule  of  diethyl  ether  from 
Mgl2  •  2(C2lIj)20,  and  with  Mgl2  form  compounds  decomposing  with  heterocycle  disruption. 

3,  I:  was  shewn  that  thiophene  reacts  neither  with  Mgl2  *2(02115)20  nor  with  Mgl2, 

4,  The  proposition  v/as  put  forward  that  participation  of  heteroatoms  in  formation  of  heterocyclic  nuclei 
increases  their  ability  to  form  onium  compounds, 
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In  a  previous  work  [1]  v/e  undertook  the  elucidation  of  the  structure  of  the  Manr.ich  bases  of  2-mercapto- 
bcnzothiazole  (1,  X  =  NRR)  by  synthesizing  them  from  N-hydroxymeihylbenzothiazolethione-2  with  parallel 
conversion  of  the  latter  Into  N-cliloromethylbenzothiazolcthione-2  (n,  X  -  Cl)  and  then  into  N-metliylbenzo- 
thlazolethione-2. 


- N-CIIj-X 

I  !  I 

\s/^s 

(I)  X  =  NUB 
<II)  X  =  Cl 

The  product  corresponded  entirely  to  the  N-meihyl  derivative  of  the  thlonc  form  of  2-mercaptobenzo- 
thiazole  described  in  the  literature. 

We  conjectured  that  reacting  (II)  with  the  amines  used  previously  by  us  in  a  Mannlch  reaction  could  be 
another  method  of  synthesizing  the  Mannich  bases  indicated,  and  also  be  confirmation  of  their  thione  structure 
In  an  attempt  to  carry  out  condensation  of  (II)  with  piperidine  and  morpholine  at  room  temperature  or  with 
short  heating,  the  hydrochloride  of  the  corresponding  amine  was  obtained  in  almost  theoretical  yield.  Also, 
formation  of  the  identical  substance  with  m.  p.  132*C  was  observed  in  all  experiments.  Investigation  of  this 
compound  showed  that  it  was  comparatively  resistant  to  the  action  of  dilute  alkalis  and  hydrochloric  acid. 
According  to  the  analytical  data  the  substance  was  evidently  bis-(mercaptobenzothiazolyl)-methane,  but  in 
its  melting  point  it  differed  from  derivatives  of  this  type  described  in  the  literature  [2y.  bIs-(S-benzothIazolyl- 
mercapto)- methane  (HI)  and  bIs-(N-benzothiazolylthicne)-mcthane  (IV), 


(III) 


It  was  probable  tliat  In  our  case  a  compound  was  formed  in  which  a  methylene  group  was  bound  to  the 
cyclic  nitrogen  atom  of  one  benzothiazole  residue  and  to  the  exocyclic  sulfur  atom  of  the  other.  Measurement 
of  the  UV  spectrum  of  this  compound  and  comparison  of  curve  3  obtained  with  the  absorption  curves  of  N-methyl- 
benzothiazolethione-2  (1)  and  S-methylmercaptobenzothiazole  (2)*  showed  the  presence  in  It  of  thione  and 
thiol  structures  (see  diagram).  To  confirm  the  above  proposition,  condeiuation  of  (11)  with  the  Na  salt  of 
•The  dipole  moment  for  furan  is  known  -  0.7  D  (8). 
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2-mercaptobenzothlazole  was  carried  out.  The  reaction  product  appeared  identical  with  the  substance  obtained 
in  every  case  of  :he  reaction  of  (II)  with  amines.  Further  proof  of  the  structure  of  the  compound  obtained  was 
afforded  by  its  isomerization  into  (IV)  on  heating  in  the  presence  of  iodine  (compare  the  conversion  of  (III)  into 
(IV)  [2]),  The  data  obuined  permitted  u:  to  ascribe  to  the  substance  the  structure  (N-benzothlazolylthlone)- 
(S-benzothiazolylmercapto)-methane  (V),  previously  undescribed  In  literature. 


Vxs/Xs 

<V) 


Proceeding  from  the  assumption  that  the  basicity  of  the  amine  will  Influence  the  similar  reaction  course 
of  (II)  with  plperdlne  and  morpholine,  the  amine  was  substituted  by  an  equlmolecular  quantity  of  caustic  potash. 
Conducting  the  reaction  both  at  room  temperature  and  at  the  boiling  point  of  alcohol  led  tc  the  fomiatlon  of 
substance  (V)  In  64-65<5fc  yield.  Besides  this  product,  a  substance  was  Isolated  with  m.  p.  247-248*.  its  Identifica¬ 
tion  not  being  attempted. 


EXPERIMENTAL 


Reaction  of  N -C  hi  or  om  et  hy  1  ben  z  o  thi  a  zole  thi  one  -  2  (II)  with  Amines 

a)  With  piperidine.  5.4  g  (0,025  mole)  of  (11)  was  mixed  with  4.3  g  (0,05  mole)  of  piperdlne;  the  mix¬ 
ture  was  heated  to  80*.  when  it  solidified.  The  product  was  mixed  with  50  ml  of  benzene,  heated  for  a  short 
time  under  a  reflux  condenser,  and  filtered  hot;  weight  of  residue  was  3.3  g,  m,  p,  235*,  giving  no  depression 
with  piperidine  hydrochloride.  On  cooling,  a  pale  crystalline  substance  with  m.  p.  125*  separated  from  the 
nitrate.  After  crystallising  from  ethyl  acetate  and  then  from  a  mixture  of  toluene  and  petroleum  ether  (1;  1), 
3.0  g,  m,  p.  132-132,5*,  was  obtained.  Colorless  needles,  readily  soluble  in  benzene,  toluene,  ethyl  acetate, 
alcohol,  less  so  In  petroleum  ether,  insoluble  in  water. 


Ultraviolet  absorption  spectra.  1) 
N-MethylbenzothIazolcthione-2;  2) 
S-methylmercaptobenzothiazo)e;  3) 
the  compound  synthesized. 


Xmax  (alcohol)  224,  265,  289,  299,  325 m/i  (log  c  4,527,  4.140, 
4.108,  4.130,  4.334).  Found  fo:  C  51.81,  51.88;  H  3.24,  3.22;  N  8.20, 
8.20.  M  331.  Ci5H,oN2S4.  Calculated  C  52.02;  H  2.89;  N  8.09. 

M  346. 

The  substance  did  not  form  a  precipitate  with  silver  nitrate,  did 
not  undergo  any  change  on  reacting  with  alcoholic  hydrochloric  acid, 
or  on  heating  with  alcoholic  ammonia  solution,  10<^  hydrochloric  acid 
or  10'7c  caustic  soda, 

b)  With  morpholine.  To  a  solution  of  1,8  g  (0,0085  mole)  of 
(II)  in  20  ml  of  benzene  at  40*  1,55  g  (0,017  mole)  of  morpholine  was 
added.  After  several  hours  a  precipitate  began  to  separate  out.  On  the 
following  day  0,85  g  of  morpholine  hydrochloride  was  filtered  off. 

On  cooling,  a  crystalline  precipitate  separated  out  from  the  solution 
when  concentrated,  m,  p.  131-132*  [from  ethyl  acetate  and  from  a 
mixture  of  benzene  and  petroleum  ether  (1;  1)];  yield  1,15  g  (79.5<)t). 
The  substance  did  not  give  a  melting  point  depression  when  mixed 
with  a  sample  obtained  from  experiment  "a,* 

Reaction  of  (II)  with  Alkali 

a)  A  solution  of  9.3  g  (0,043  mole)  of  (II)  In  200  ml  of  anhy¬ 
drous  alcohol  and  50  ml  of  anhydrous  benzene  containing  2.4  g  (0.043 
mole)  of  caustic  potash  were  stirred  for  40  hrs  at  room  temperature. 
The  colorless  precipitate  settling  out  was  filtered  off  (8,7  g,  pH  of 
filtrate  6),  washed  with  water  until  the  wash  water  was  free  of  chlorine 
ions;  after  drying, It  weighed  5,6  g,  m,  p,  125-200*.  Concentration 
of  the  alcohol -benzene  filtrate  by  evaporation  gave  an  oily  residue. 
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On  grinding  this  with  ethyl  acetate  1.0  g  of  a  substance  with  m.  p.  125  -  190*  was  obtained.  Crystallization  of 
the  combined  portions  (6.6  g)  from  benzene  gave  4.9  g  (65.4'^)  of  (V)  and  1.6  g  of  a  compound  with  m.  p.  247- 
248*  (from  toluene), 

b)  From  5.35  g  (0.025  mole)  of  (II),  on  boiling  for  40  minutes  with  9  ml  of  an  alcoholic  solution  contain¬ 
ing  0.025  mole  of  caustic  poush,  2.75  g  (64‘7c)  of  (V)  and  0.70  g  of  a  substance  with  m.  p.  244-246*  were  ob¬ 
tained. 

(N-Benzothiazolylthione)  -  (S -benzothiazolylmercapto)-methane  (V) 

To  75  ml  of  anhydrous  alcohol  containing  0,01  g-at.  of  sodium,  1.67  g  (0.01  mole)  of  2-mercaptobcnzo- 
thiazolewas  added  at  32*;  the  solution  was  cooled  to  18*  and  2.15  g  (0,01  mole)  of  (II)  introduced  into  it.  After 
30  minutes  the  resulting  suspension  was  heated  to  boiling  and  held  at  this  temperature  for  30  minutes.  The 
precipitate  settling  out  was  filtered  off  (pH  of  filtrate  8.6),  washed  with  water  and  dissolved  In  100  ml  of  ben¬ 
zene.  The  solvent  was  evaporated  from  the  dried  extract  and  the  residue  crystallized  from  ethyl  acetate;  yield 
of  (V)  was  3,0  g  (87^0 ),  m.  p.  131-132*,  giving  no  melting  point  depression  when  a  sample  was  mixed  with  the 
product  of  the  reaction  of  (II)  with  piperidine,  morpholine,  or  alkali. 

Isomerization  of  (V)  into  (IV).  0,85  g  (0.0025  mole)  of  (V)  and  a  small  crystal  of  iodine  were  heated  on 
an  oil  bath  for  2.5  hrs  at  200-230*.  The  solid  product  was  pulverized,  washed  with  methyl  aclohol,  and  crys¬ 
tallized  from  pyridine.  Yield  of  (IV)  was  quantitative,  m.  p.  292-293*  (corresponding  with  the  literature  [2]). 

SUMMARY 

The  reaction  was  achieved  of  N-chloromcthylbenzothiazolcthione-2  with  piperidine,  morpholine,  and 
alkali,  and  the  reaction  product  identified  as  (N-benzothiazolylth;one)-(S-bcnzothIazolylmercapto)-methane, 
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It  Is  known  that  the  y  -pyrone  ring  of  chromones  is  ruptured  quite  readily  by  bases.  Including  aliphatic 
amines.  2-  6-Bcnzylaminocrotonoylphenol  is  obtained  by  the  action  of  benzylamine  on  2-methylchromone  [1], 
With  hydrazine  the  simplest  chromones  usually  form  S-o-hydroxyphenylpyrazoles  [1-3],  and  not  hydrazones,  as 
assumed  previously  [4],  The  mctliyl  and  ethyl  esters  of  chromonecarboxylic-2  acid  with  excess  hydrazine  hy¬ 
drate  give  the  hydrazide  of  3-(2*-hydroxyphenyl)-pyrazolecarboxylic-5  acid  [5],  With  equimolecular  quantities 
of  hydrazine  hydrate  these  estcr<  are  converted.  In  the  author's  opinion  [5],  Into  a  pyrazolidone  derivative  by 
addition  of  one  hydrazine  amino  group  at  the  double  bond  of  the  y  -pyrone  ring  and  subsequent  intramolecular 
amidation  of  die  other  amino  group  of  the  carbalkoxyl  residue. 

In  the  present  work  it  Is  established  that  chromonecarboxyllc-2  acids  are  readily  recloscd  In  the  correspond¬ 
ing  3-(2'-hydroxyphcnyl)-pyrazolecarboxyIIc-5  acids  by  the  action  of  hydrazine  hydrate.  We  synthesized  by  the 
method  Indicated  a  series  of  representatives  of  this  class  (Table  1),  Acids  (I-VIi)  can  be  obtained  In  aqueous 
solution  as  their  salts. 


Continuing  the  study  of  the  properties  of  derivatives  of  chromonecarboxylIc-2  acid  [G,  7],  we  investigated 
the  nature  of  the  reaction  of  esters  of  this  acid  with  ethylenediamlne.  As  expected,  the  reaction  is  complicated, 
a  scries  of  substances  of  neutral  and  basic  character  being  formed.  Nevertheless,  in  the  case  of  the  esters  of  un- 
substituted  chromonccarboxyllc-2  acid  we  succeeded  in  preparing  the  desired  3-(2’-hydroxybenzoylmetkylene)- 
piperazinone-2  (Vlil)  in  40-48*5^  yield. 


Somewhat  earlier,  Polish  authors  [8],  during  a  study  of  the  reaction  of  the  ethyl  ester  of  chromonecarboxy¬ 
lic-2  acid  with  ethylenediamlne  (experimental  conditions  not  indicated). isolated,  besides  other  substances,  a 
substance  of  composition  C^H^OsNj  with  m.  p.  213-214.5*C  (yield  10*^:),  which  was  undoubtedly  identical  with 
piperazinone  (Vin).  Piperazinone  (Vin)  is  very  likely  formed  from  intermediate  8-aminoethylamide  (A)  by 
intramolecular  amliiolysis  of  the  pyrone  ring,  this  being  confirmed  by  observations  [8]  on  the  more  rapid  course 
of  amidation  of  the  ester  of  chromonecarboxylic-2  acid  by  primary  amines  in  comparison 'with  mature  of  the 
pyrone  ring.*  • 


I  !  I. 


1  A  *-ciion 


-h  NIIzCHjCHjNIIj 


•  The  authors  [8]  in  their  brief  communication  do  not  deal  with  the  question  of  the  detailed  structure  of  com¬ 
pound  (Vm),  Their  Ideas  on  the  course  of  tiie  formation  of  this  ccxnpound  coincide  widi  our*. 
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TABLE  1 


HN-N 


3-(2*-Hydroxyphenyl)-pyrazolecarboxyHc-5  Acids 


^  I _ rooll 

u_l  j 

■  ^OH 


Sub¬ 

stance 

No, 

Substituents 
in  original 
chromone¬ 
carboxylic-2 
acids 

II 

Molecular  formula 

Yield. 

Melting 

point* 

^  N 

calcd. 

(1) 

II 

OjoIlhO.-jN^  “ 

.S5.r) 

23  i— 2.35® 

.. 

_ 

(») 

6-CH3 

r/-cii., 

Oji  11  joO.jNo 

Ml.f) 

277® 

12..8.3 

12..S4 

(III) 

7-CHs 

4'-CII, 

C„ll,„0;,N., 

97.3 

2.'“3® 

12.66 

12.S4 

(IV) 

6-Cl 

5'-Cl 

c,„H;0;,.\2(:i 

7.5.6 

307® 

12.92 

11.74 

(V) 

7-CH3O 

4'-Cll  jO 

Oji  II 

9.5.7 

251-252® 

11.92 

11.96 

(VI) 

6-NO2 

5'-\0., 

(:,oH7'>5N3 

.s.3.3 

226— 22s® 

1 7.(^3 

16..S6 

<VII) 

6,8 -Br 

.  r.S'-Hr  I 

1 

QoUcOjN.Ur.  “‘ 

82.9 

314® 

7..52 

7.74 

•  Acids  (n-IV,  VI,  VII)  decompose  on  melting.  Acids  (II  and  VII)  were  recrys¬ 
tallized  from  alcohol,  the  remainder  from  dilute  alcohol, 

•  ‘Found  ‘7c:  C  58.76;  H  4.19.  Calculated  C  58.81;  H  3.95, 

•  •  ‘Found  Br  44.60.  Calculated  ‘Jl:  Br  44.15. 


O 


Nil 


'-on 

IVIII) 


By-products  in  the  reaction  can  arise  from  the  reaction  of  aminocthylamide  (A)  with  another  ester  molec¬ 
ule  [a  high-melting, difficultly  soluble  substance  was  obtained,  probably  N,N*-dicliromonoyl-(2)-ethylenediamine], 
and  also  as  a  result  of  opening  of  the  pyrone  ring  by  ethylenediaminc  before  onset  of  amldation. 

We  encountered  extensive  rupture  of  the  y  -pyrone  system  on  treatment  of  the  ethyl  ester  of  chromone- 
carboxylic-2  acid  with  aminocthancl  in  alcohol  (boiling  for  2  hrs).  The  originally  formed  fi -liydroxyethylamidc 
of  chromonecarboxylic-2  acid  [8],  which  is  also  obtained  from  the  acid  chloride  of  this  acid  [7],  when  reacted 
with  excess  aminoethanol  gave  as  one  of  the  reaction  products  the  already  known  di-(0-hydroxyethylamidc)  of 
oxalic  acid,  m,  p.  166,5-167%  The  scheme  of  the  rupture  can  be  represented  thus, 

() 

II 

\ 

y  J  LcOMlClUCIIaOll  +  MlaClliClljOH  — *• 

^  O' 

/\ 

J 

(COMICIl2CIl./)ll)2  4-  2IIOCe!l4CO(:H3 

It  is  quite  worthy  of  note  that  it  is  not  possible  to  obtain  piperazinonc  (Vni)  from  ethylenediaminc  and 
the  ester  of  o-hydroxybenzoylpyroracemic  acid.  In  contrast  to  this,  closing  of  the  nitrogen  (pyrazole)  ring  under 
the  influence  of  hydrazine  hydrate  can  be  achieved  if  we  proceed  either  from  chromones  or  from  the  diketones 
preceding  them  (in  the  syntheses)  [5], 


-  COCII^C— COMICIIiCIlaOIl  „ 
-Oil  MIOIIaCIUOIl 
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To  ascertain  the  factors  Influencing  the  relative  yields  of  piperazinonc  (VIII)  and  other  reaction  products, 
reaction  conditions  were  varied:  ratio  of  reagents  and  their  concentration;  nature  of  solvent  (alcohol  or  benzene); 
temperature:  order  of  addition  of  reagents.  With  a  large  excess  of  ethylenedlatnine  la  the  absence  of  solvent 
(~  100*,  1,5  hrs)  plperazlnone  (Vni)  Is  not  obtained,  probably  because  of  the  intense  rupture  of  the  2-carbethoxy-'  • 
chromone  molecule  then  proceeding.  Decrease  In  concentration  of  the  initial  reagents,  which  should  promote 
the  process  of  Intramolecular  cycllzatlon,  results  in  complete  disappearance  of  the  hlgh-meltlng  by-product. 

The  other  factors  mentioned  above  have  little  Influence, 


Substitution  of  the  ethyl  ester  of  chromonecarboxylic-2  acid  by  the  methyl  or  phenyl  one  does  not  lead  to 
substantial  alteration  in  yield  of  plperazlnone  (VIII),  Introduction  of  substituents  into  the  benzene  nucleus  of 
esters  cf  the  chromonecarboxylic  acid  has  a  small  but  nevertheless  noticeable  influence  on  the  character  of  the 
reaction  of  the  esters  with  ethylenediamine.  Presence  of  a  halogen  or  nltro  group  In  the  6-positIon  in  the  ester 
causes  some’vhat  Increased  yields  ( SG-GS^c  of  sufficiently  pure  products)  of  the  corresponding  piperazinones  (see 
Table  2).  On  the  other  hand,  the  presence  of  electron-donating  substituents  (CH3,  CH3O)  has  an  adverse  effect 
on  yield  of  plp>erazlnones  {22~23'%  of  pure  and  no  greater  than  31^c  of  crude  reaction  products). 


TABLE  2 

3-(2*-Hydroxybenzoylmethylenc)-piperazinoaes-2 


o 
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»-l-l  111)  V 


OH 


\/ 


Com¬ 

pound 

No. 

Substituents 

In  initial 
esters  of 
chromone- 
carhoxylic-2 
acid^ 

Yield 

A” 

Melting 

point^ 

N; 

H 

Molecular  formula 

- 

found 

calcd. 

(VIII) 

1! 

(:,,II,.,<»;,\, 

•'iS 

2IS 

1  i.'.iid 

12.06 

(IN) 

G-CII  , 

.V-CII., 

(,|;|ll  H^^nXo 

L’ie 

22:\--22't 

Il.Jiof 

11.39 

(X! 

7-(;ii , 

V-Clla 

C,,ll„0:,N. 

n:<g 

2i:t  -2l  i 

ll.r.7 

11. .19 

|M) 

G-CI 

.V-Cl 

r„oii,,o-i\.,<:l 

2:.o-2:>i 

lo.riii 

lO..!! 

(Ml) 

7-(:ii.,() 

/r-(:ii.,o 

(^1  ,11  |40,N.. 

;(7h 

2r>;(  -2r»'i 

10.69 

(XIII) 

.V-NO., 

C,,II„0.,N3 

r>r»i 

2S2 

15.03, 

15.18 

(XIV) 

G..S-IJI- 

:)'..v-nr 

r.7k 

2.SG 

7,0!'  1 

7.19 

a)  In  the  preparation  of  piperazinones  (VIII,  XI  -  XFV)  ethyl  esters  were  used; 
for  piperazinones  (IX,  X),  methyl  esters;  b)  yields  for  substances  (VIII ,  X,  XIV)  by 
method  B,  for  substances  (Xl-Xin),  by  method  A  (see  experimental  section);  c) 
substances  (Vni-XII)  for  analysis  were  recrystallized  from  alcohol,  substances  (IX, 

X,  and  xn)  being  previously  reprecipitated  by  acetic  acid  from  solution  In  dilute 
NaOH.  Piperazinones  (xm  and  XIV)  decompose  on  melting  (from  nitrobenzene 
and  butanol  respectively)  ;d)  Found  C  G2.19;  H  5,37,  Calculated  C  62.15; 

H  5.21;  e)  The  crude  product  was  washed  with  alcohol  and  ether,  and  recrystallized 
from  alcohol.  A  small  amount  of  a  colorless  substance  with  m,  p.  >  300*  sepa¬ 
rated  from  the  mother  liquor  on  standing;  f)  Found  C  G3.80;  H  5.65,  Cal¬ 
culated  C  63.44;  K  5.73;  g)  the  reaction  product  was  treated  with  alcohol  and 
ether;  h)  by  method  B,  yield  of  crude  product  was  36*^,  recrystallized  from  alco¬ 
hol,  25<^;  1)  the  crude  product  (yield  68*^)  was  purified  by  treatment  with  boiling 
alcohol;  k)  by  method  A  [the  crude  product  (72^)  was  purified  by  recrystalllzlng 
from  alcohol]:  yield  52*^,  1)  Found  Br  41,35.  Calculated  <%:  Br  40.98. 

Piperazinones  (XI,  XIII,  and  XIV)  are  not  accompanied  by  hlgh-meltlng  by-products  even  when  the  reac¬ 
tion  is  carried  out  in  relatively  small  volumes  of  solvent  (alcohol).  It  is  true  that  this  phenomenon  can  be  ex¬ 
plained  not  only  by  the  influence  of  the  substituents  in  the  2-carbalkoxychromonea  but  also  by  the  low  solubility 
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of  the  esters  In  question,  anJ  consequently  by  their  low  concentration  in  solution.  In  the  reaction  products  with 
the  ester  of  6-methylchromonecarboxylic  there  are  always  high-melting  impurities, 

PIperazInones  (VIII-XIV)  have  a  golden-yellow  tone,  are  soluble  in  alkalies  (In  alkaline  solution  they 
undergo  gradual  rupture);  with  ferric  cliloride  they  give  the  color  reaction  characteristic  of  phenols.  On  boiling 
with  mineral  acids  (VIII)  is  converted  into  the  Initial  chromonecarboxylic-2  acid. 

To  3-(2*-hydroxybenzoylmethylene)-pIperazinone-2  (VIII),  as  well  as  to  the  substituted  piperazinones,  can 
be  ascribed  several  tautomeric  forms,  for  Instance  (VIII  a)  or  (VIII  b), 

O 

II 

M  N  i 

(vmb) 

In  our  opinion  the  most  likely  form  (under  ordinary  conditions)  is  the  enamlno-ketonc  one  (VIII).  Form 
(VIII), because  of  the  structure  of  the  fragment  —  COCH  =CNH“,  corresponds  to  the  fl-aminovinyl  ketones,* 

As  in  aminovinyl  ketones  [10],  in  piperazinone  (VIII)  the  properties  of  the  carbonyl  group  and  the  double  bond 
arc  suppressed:  The  compound  docs  not  form  an  oxime,  scniicarbazone,  or  p-nltrophcnylhydrazonc  (under  condi¬ 
tions  usual  for  o-hydroxyacctophcnone,  for  instance);  it  Is  net  hydrogenated  over  a  palladium  catalyst  (760  mm, 
20*,  in  alcohol).  It  is  natural  that  the  basic  properties  of  the  amino  group  should  also  be  considerably  weakened, 
as  is  csidcnccd  by  the  absence  of  salt-forming  ability  when  treated  with  dilute  mineral  acids. 

EXPERIMENTAL 

Preparation  of  substituted  chromonecaihoxylIc-2  acids  and  their  esters  Is  described  in  a  previous  work  [11], 

Adds  (I-VII).  0,01  mole  of  lire  corresponding  chromonccarboxylic-2  acid  and  1.5  g  of  hydrazine  hydrate 
In  10  ml  of  alcoliol  were  boiled  for  1  lir  [in  the  case  of  acid  (VII) ;  3  g  of  hydrazine  hydrate,  30  ml  of  alcohol, 

3  lirs  healing].  The  alcohol  was  distilled  off  in  vacuo,  the  residue  treated  with  dilute  hydrochloric  acid  and  dis¬ 
solved  in  aqueous  NaHC03  (acids  II,  V,  and  VII  :  in  soda).  The  substituted  pyrazolecarboxylic  acid  was  pre¬ 
cipitated  from  the  tiltcred  solution  by  addition  of  cone.  HCl,  then  washed  with  water  and  dried  over  CaCl^ 
and  NaOH  in  a  vacuum  desiccator.  With  ferric  chloride,  acids  (I-VII)  gave  the  coloration  characteristic  for 
phenolic  hydroxyl. 

0.55  g  of  the  hydrazldc  of  acid  (I)  [5]  in  5  ml  of  2  N  NaOH  was  boiled  for  1  hr,  and  0,3  g  of  acid  (I)  pre¬ 
cipitated  by  acidification,  m.  p.  234- 235*.  A  sample  mixed  with  a  sample  cf  the  acid  prepared  as  described 
above  gave  no  melting  point  depression.  Acid  hydrolysis  of  the  hydrazide  was  very  difficult. 

Piperazinone  (VIII) 

Method  A.  To  a  hot  solution  of  5,45  g  of  the  ethyl  ester  of  chromonecarboxylIc-2  acid  In  6  ml  of  alcohol, 
2.15  g  of  ethylenediamine  in  4  ml  of  alcohol  was  added.  The  mixture  was  boiled  for  1,5  hrs  and  then  cooled. 
The  precipitate  was  filtered  off,  carefully  washed  in  turn  with  2  N  HCl  and  water,  and  dried  in  a  vacuum  desic¬ 
cator  over  P2OS.  The  crude  product  (3.1  g)  was  dissolved  In  alcohol,  filtered  from  the  insoluble  yellow  pre¬ 
cipitate  (0,12  g),  and  on  cooling  the  solution  2.1  g  of  piperazinone  (VIII)  obtained  with  m,  p,  212-214*,  A 
further  0.25  g  of  the  same  substance  was  isolated  from  the  mother  liquor.  Total  yield  2.35  g  (40*)^).  An  almost 
colorless  hydrochloride  of  undetermined  structure  separated  from  the  acidic  wash  solutions  on  standing.  The 
reaction  by-product  was  insoluble  in  alcohol;  it  was  treated  with  boiling  alcohol  and  rccrystallized  from  nitro¬ 
benzene.  m.  p.  352*  (with  decomp.).  X^ax  236  mp  (  «  =  34850)  and  306  mp  (e  =  12600)  (in  alcohol).  For 
the  unsubstituted  amide  of  the  chromonecarboxylic  acid  was  236  mp  (  e  =  23400)  and  307  mp  (  «  * 

=  6860)  (in  alcohol). 

Found  <%:  C  64.75;  H  4.07;  N  7.05.  CaHieOjN,.  Calculated  C  65.34;  H  3.99;  N  6.93. 

*  For  tautomerism  of  aminovinyl  ketones  see  [9]. 


\ 

I  I  N  I 

(VlUa) 


3550 


The  substance  was  very  poorly  soluble  in  organic  solvents,  insoluble  in  aqueous  NaOH,  and  did  not  give  a 
coloration  with  FeCls  in  alcohol. 

Method  B.  To  a  hot  solution  1.09  g  of  the  ethyl  ester  of  chromonecarboxyllc-2  acid  in  100  ml  of  alcohol, 
0,43  g  of  ethyicnediamine  in  10  ml  of  alcohol  was  added  with  vigorous  stirring.  The  reaction  mixture  was  boiled 
for  1,5  hn,  and  the  alcohol  then  distilled  off  in  vacuo.  The  residue  was  treated  in  turn  with  2  N  HCl  and  water, 
0,56  g  of  piperazinone  (VIII)  was  obtained  with  m.  p.  212-213*,  Data  on  piperazinones  (IX-XIV),  obtained  by 
method  A  or  B.  are  given  in  Table  2. 

0,38  g  of  p-nitrophcnylhydrazine,  0.34  g  of  o-hydroxyacetophenone,  and  12  ml  of  alcohol  were  boiled  for 
1.5  hrs,  and  0,48  g  of  the  p-nitrophenylhydrazone  of  o-hydroxyacetophenone  obtamed.  M.  p,  242,5-243.5* 

(from  alcohol). 

Found  N  15,89,  C14H19O3N3,  Calculated  N  15.49. 

Dipcrazinone  (VIII)  was  recovered  in  83*70  yield  after  heating  for  6  hr  with  p-nitrophenylhydrazlne  in  alco¬ 
hol. 

Under  the  conditions  for  preparation  of  piperazinone  (VIII)  by  method  A,  the  ethyl  ester  of  o-hydroxy- 
benzoylpyroracemic  acid  with  ethylencdiamine  gave  a  yellow  substance,  not  melting  up  to  420’,  exceedingly 
poorly  soluble  in  organic  solvents,  including  boiling  nitrobenzene;  with  an  alcoholic  ferric  chloride  solutirat 
the  solid  substance  turned  dark  brown.  On  boiling  with  2  N  NaOH  the  substance  went  into  solution,  from  which 
it  was  not  regenerated  on  acidiiication. 


SUMM  A  RY 

1,  3-(2’-nydroxyphenyl)-pyrazolccarboxyllc-5  acids  were  synthesized  by  reacting  chromonecarboxyllc-2 
acids  with  hydrazine  hydrate, 

2,  A  study  was  made  of  the  reaction  of  esters  of  chromonecarboxyllc-2  acids  with  ethyicnediamine,  lead¬ 
ing  to  3-(2*-hydroxybcnzoylmeihylene)-piperazlnones-2. 
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ETHYLENIMINE  DERIVATIVES 

II.  ETHYLENIMIDES  OF  PHOSPHORIC  AND  THIOPHOSPHORIC  ACID 
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Original  article  submitted  November  16, 1959 


In  a  previous  communication  [1]  the  synthesis  of  dietliylenimino  derivatives  of  phosphoric  acid  of  the  gen¬ 
eral  formula  (A)  was  described,  where  R  corresponds  to  an  aromatic  amino  or  hydroxy  compound.  The  work 
described  here,  wliich  was  carried  out  in  1955,  is  the  commencement  of  an  investigation  into  ethylenlmlno  de¬ 
rivatives  of  substituted  phosphoric  and  thiophosphoric  acids.  This  communication  describes  the  production  of 
N,N*-di(cthylcnc)triami«les  of  phosphoric  and  thiophosphoric  acids,  where  the  R  group  is  substituted  or  unsub- 
stituted  piperazine.  In  tlie  case  of  substituted  piperazine  the  compounds  which  are  obtained  may  be  represented 
by  formula  (B)  and  in  the  case  of  unsubstituted  piperazine,  by  formula  (C). 
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The  synthesis  of  these  compounds  v/as  carried  out  to  explain  the  effect  of  the  substitution  of  the  radical 
R  of  formula  (A)  by  the  piperazine  heterocycle  on  the  physiological  activity,  as  well  as  the  influence  of  sub¬ 
stituents  on  the  nitrogen  in  the  piperazine  cycle. 

In  the  first  part  of  the  work  we  give  the  production  of  the  triamides  of  phosphoric  and  thiophosphoric  acids 
containing  two  ethylenimine  groups  and  a  substituted  piperazine,  i.e,,  formula  (B).  These  compounds  were  syn¬ 
thesized  via  the  following  series  of  reactions. 
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The  corresponding  N-oxy(thlo)chlorophosphines  (HI)  are  obtained  by  this  method  from  the  N-irooosub- 
stituted  piperazines  (11),  following  which  the  chlorine  atoms  are  substituted  by  ethylenimine. 
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TABLE  1 

CH  ••Clf 

N-Oxy(thlo)chloropho$phlnci,  ii-N(  ’  ' 


The  N-monosub$tItuted  piperazines  thccarbomethoxy 
and  dieihylcarbanioyl  piperazines  (II)  —were  obtained  by  meth¬ 
ods  already  described  in  the  literature  [2,  3),  The  synthesis 
of  N-oxy(thio)chlorophosphines  (III)  was  carried  out  by  fhe 
reaction  of  caroomethexy-  and  dlethylcarbamoyl  piperazines 
with  phosphorus  oxychloride  or  phosphorus  trichloride  in  a 
cooled  organic  solvent,  N-(Oxy(thlo)chlorophosphine  on  re¬ 
acting  with  ethylenimine  in  an  organic  solvent  in  the  pres¬ 
ence  of  triethylamine  gave  the  corresponding  ethylenlmino 
derivatives  (IV), 

In  the  later  part  of  the  work  we  synthesized  phosphoric 
and  thiophosphoric  acid  triamides  containing  the  cthylenl- 
mlne  and  the  unsubsiituied  piperazine  groups,  i.e.,  formula 
(C).  The  following  method  was  used  to  obtain  these  com¬ 
pounds. 
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By  this  metliod  we  obtained  bis-N-oxy(thIo)chloro- 
phophosphine  piperazine  (V)  from  piperazine  (I),  and  then 
by  substituting  tlxj  chlorine  in  the  chlorophosphine  group  by 
ethylenimine  wc  obtained  compound  (VI).  We  obtained 

1.4- bIs-(N-oxychJorophosphine) -piperazine  by  boiling 
piperazine  hydrochloride  with  phosphorus  oxychloride,  and 

1.4- bis-(N-thiochlorophosphine)-piperazine  by  the  action 
of  phosphorus  thiochloridc  on  piperazine  in  a  cooled  organic 
solvent.  Etliylenlmino  derivatives  were  obtained  as  a  result 
of  the  reaction  of  the  corresponding  clilorophosphines  with 
ethylenimine.  The  reaction  was  carried  out  in  a  cooled 
organic  solvent,  in  the  presence  of  triethylamine.  Ail  the 
N-oxy(thlo)chlorophosphines  obtaiiied  and  their  properties 
arc  given  in  Table  1,  and  the  corresponding  ethylenimino 
derivatives  in  Table  2. 

Data  on  the  biological  properties  of  some  of  the  com¬ 
pounds  (Nos,  3-6,  Table  2)  were  published  earlier  [4],  Com¬ 
pound  No.  5  (Table  2),  known  as*dipine.*  was  submitted  to 
an  extensive  biological  study,  followed  by  a  clinical  in¬ 
vestigation.  The  data  of  the  biological  investigation  have 
already  been  published  [5], 


EXPERIMENTAL 


The  production  of  N-oxy(thIo)chlorophosphlne8.  1. 

1.4-(Carbomethoxv)-(N-oxychlorophosphlne)-piperazine. 

A  solution  of  7.2  g  (0.05  mole)  of  carbomethoxypiperazine 
in  30  ml  of  dry  ether  was  added  to  a  solution  of  3.8  grams 
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Note:  In  obuining  compounds  1-5  the  reaction  was  carried  out  in  benzene  and  compound  6,  in  chlorobenzene. 


■ 


(0,025  mole)  of  freshly  distilled  phosphorus  oxychloride  at  6-8*.  The  reaction  mixture  war  stirred  without  cool¬ 
ing  for  2  iirs,  the  carbomethoxypipera/ine  hydrochloride  which  precipitated  was  filtered  off.and  tlic  ether  was 
distilled  off  under  reduced  pressure.  After  removing  the  $olvent,4,2  g  (about  GO-^)  of  colorless  material  was  ob¬ 
tained,  wfiich  was  purified  by  dissolving  in  benzene.  The  turbid  solution  obtained  was  shaken  with  carbon,  fil¬ 
tered,  and  evaporated  to  dryness  under  vacuum.  This  process  of  solution  and  evaporation  was  repeated  until  the 
solution  of  the  material  in  benzene  was  no  longer  turbid.  The  transparent  solution  was  evaporated  down;  3,5  g 
of  a  substance  (50”^,  calculated  on  the  carbomethoxypiperazinc)  In  the  form  of  colorless  crystals  was  obtained. 

2.  1 ,4-(Carbofncthoxy)-(N-thlochlorophosphine)-plpcrazine  was  obtained  in  a  manner  similar  to  the 
N-oxy  compound,  by  the  action  of  phosphorus  thiochloride  on  carbomethoxypiperazinc  (No.  2,  Table  1), 

3.  1 ,4-(fl-Oxychlorophosphinc)-(dlcthylcarbarnoyl)-pipcfazlnc.  A  solution  of  7  g  (0,04  mole)  of  diethyl- 
carbamoyl  piperazine  in  30  ml  of  absolute  ether  was  added  to  a  solution  of  3.0G  g  (0.02  mole)  of  phosphorus 
o/yehlorldc  in  20  nd  of  absolute  ether,  with  mixing  and  cooling  (0-2*),  After  the  reagent  had  been  added,  cool¬ 
ing  was  discontinued,  and  the  reaction  mixture  was  stirred  for  another  two  to  three  hours.  The  precipitate  of 
dictliylcarbarnoyl  piperazine  hydrrxhloride  was  filtered  off,  and  tic  ctf»cr  distilled  from  the  filtrate.  The  residue, 
a  viscous  liquid,  v/as  distilled  at  2  mrn;  the  main  fraction  boiling  at  185*  was  a  thick  colorless  liquid,  which  from 
the  cldorinc  analysis  ccrrcspuiflcd  to  l,4-(N-oxyclilorop!iosphlJic)“(dicthylcarbamoyl)-pipcrazInc  (No,  3,  Table  1), 
bight  grams  was  obtained  (70'^.  calculated  on  the  basis  of  dicthylcarbainoylpipcrazinc). 

4.  1 ,4-f  N-Thiof:hlorophosphinc)-(dlcthylcarbamoyl)-pIpcrazInc  was  obtained  by  tiic  action  of  phosphorus 
thifX'.hloridc  on  diethylcarbarnoyl  piperazine,  uridcr  conditions  analogous  to  those  required  in  the  production  of 
N-oxycblorophosphinc.  After  distilling  off  tl»c  solvent  a  solid  material  was  farmed,  which  was  dissolved  In  an¬ 
hydrous  f)enzenc.  The  benzene  solution  was  shaken  with  carbon,  filtered,  and  the  benzene  distilled  off  under 
vacuum.  Tlie  rcsl'lue  v/as  recrystallized  from  a  mixture  of  ethyl  and  jXitroleurn  ethers.  A  colorless  crystalline 
material,  m.  p.  72*  was  obtained,  i-rom  the  analysis  for  chlorine  the  material  obtained  corresponded  to  1,4- 
(N-lhlfK;hlorophos{)hIne)-(diethylcarbamoyl)-pipcrazinc  (No.  4,  Table  1), 

5.  1 .4 -Hls-(M-oxyehlorophosphinc)- piperazine.  The  sample  of  piperazine  dihydrochloridc  taken  was 
7,35  g  (0.05  mole)  'I  hls  was  licated  on  a  gauze  with  4G  g  (0.3  mole)  of  freshly  distilled  phosphorus  oxychloride 
until  tlie  plficraziMc  dlliydrochloride  dissolved.  The  residue  was  recrystallized  from  a  mixture  of  chloroform 
and  U;nzcne.  It  v/as  found  that  13.4  g  (about  70'^  ,  calculated  on  piperazine)  of  dl-(N-oxychloropho5phlne)- 
pipt:razine,  tn,  p.  i75*,  was  obtained.  'rl)c  compound  Is  very  sensitive  to  moisture  and  rapidly  evolves  hydrogen 
chloride  in  air. 

0.  1 ,4-|{ls-(N-tlihx:lilf>rophosphlne)-pipcrazlnc.  A  solution  of  12,4  g(0.15  mole)  of  piperazirre  In  400  ml 
of  dry  uietiiylene  chloritle  v/as  gradually  added  with  mixing  and  cooling  (0-5*)  to  a  solution  of  25.4  g  (0,15  mole) 
of  phosphorus  thiochloride  In  150  irrl  of  dry  methylene  chloride.  After  the  reagent  had  been  added,  tf»c  cooling 
was  discontinued  and  the  reacthxt  mixture  stirred  for  another  4-5  hrs,  the  piperazhic  dihydrochloridc  filtered 
off,  and  tlie  rnetliylcne  chloride  distilled  from  tlic  filtrate  under  reduced  pressure.  Tic  residue  was  recrystallized 
twice  from  ffcnzcne.  The  compoiuid  was  obtaired  In  tic  form  of  colorless  crystals  with  m,  p,  159-lGO*,  The 
yield  was  IR.G  g  (78.R7r.,  calculated  on  piperazine). 

Tic  production  of  ethyicnimino  derivatives.  A  weighed  batch  (5.2  g,  0.02  mole)  of  l,4-(carbomcthoxy)- 
(N-oxyc  hlorophor.phinc)-plpcraziic  was  added  with  mixing  and  cooling  (+5*  to  — G*)  to  a  solution  of  1,71  g 
(0,t)4  trrole)  (»f  cthylenimlne  and  4.04  g  (0,04  mole)  of  tricthylaminc  in  30ml  of  dry  benzcrc.  The  reaction  mix¬ 
ture  was  stirred  without  erding  for  two  hours  and  left  until  tire  following  day.  The  triethylamlne  hydrochloride 
which  precipitated  was  filtered  off  and  the  benzene  distilled  off  under  reduced  pressure.  The  residue  (5,7  g) 
had  m.  p.  100- 103*.  It  was  dissolved  in  ethyl  acetate  and  tic  solution  shaken  with  carbon  and  filtered.  The 
clear  solution  thus  obtaired  was  evaporated  under  reduced  pressure  to  a  small  volume  and  cooled.  The  di- 
(cthylcne)-phosphinc-trlamidc-carbomethoxypipcrazinc  obtained  weighed  4.1  g  (71 calculating  on  chloro- 
phosphine)  and  had  m,  p,  lOG-107*, 

The  ethyicnimino  derivatives  of  the  remaining  chlorophosphines  were  produced  In  an  analogous  manner. 
The  data  are  given  in  Table  2, 


SUMMARY 

Six  N-oxy(thlo)chlorophosphlnc$  of  piperazine,  and  six  N,N’-di(ethylene)-N*-plperazInetriamldes  of 
phosphoric  and  thiophosphoric  acids,  none  of  which  had  been  described  in  the  literature,  have  been  obtained. 
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THE  SYNTHESIS  OF  SOME  MANNICH  BASE 
DERIVATIVES  OF  HYDROQUINONE 


V.  A.  Bogolyubskll 

Translated  from  Zhumal  Obshchei  Khlmii*  Vol,  30,  No.  11,  pp,  3539-3591, 
November,  1960 

Original  article  submitted  December  10,  1959 


It  is  known  [1-3]  that  hydroquinone  takes  part  in  the  Mannlch  reaction  with  secondary  amines  and  formal¬ 
dehyde,  forming  2,5-bis(dlalky!aminomctliyl)-hydroquinones. 
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OH 


OH 


Up  to  the  present  time  only  dimethylamine  [1],  morpholine  [2],  and  diethyl-  and  di-(6-hydroxypropyl)“ 
amine  [3]  have  been  used  in  this  reaction. 

It  appeared  to  be  of  interest  to  synthesize  Mannlch  bases  derived  from  hydroquinone  starting  from  higher 
molecular  weight  secondary  amines.  Such  compounds  could  be  used  in  the  production  and  treatment  ot  moving 
picture  materials  [4,  5], 

In  the  present  work  we  liave  studied  the  reaction  of  hydroquinone,  formaldehyde,  and  the  secondary  amines 
diethyl-,  dipropyl-,  dlbutyl-,  dilsoamyl-,  and  di  isohexyl  a  mines,  piperidine,  and  methyloctadecylamine. 

We  have  obtained  the  corresponding  2.5-bis(dialkylaminomethyl)-hydroquinones,which  are  strong  bases 
and  give  stable  salts  with  mineral  and  organic  acids.  In  the  reaction  with  alkylating  reagents  they  form  poorly 
crystallizingquaternary  salts.  All  the  bases  synthesized  are  strong  reducing  agents. 

EXPERIMENTAL 

General  Method  for  Synthesis  of  2 ,5  -  B  is(  di  al  k  y  1  a  m  inome  thyl )- hy  dr  oquinones 

To  a  water  or  aqueous  alcoholic  solution  of  1  mole  of  hydroquinone  and  2  moles  of  the  secondary  amine 
with  stirring  in  an  atmosphere  of  nitrogen  was  added  2  moles  of  37<%  formalin  at  such  a  rate  that  the  tempera¬ 
ture  of  the  reaction  mixture  did  not  exceed  30*.  The  base  which  precipitated  was  filtered  on  the  next  day  and 
was  recrystallized  from  alcohol.  In  some  cases  the  reaction  product  could  best  be  isolated  as  the  oxalate.  For 
this  purpose,  we  distilled  the  solvent  from  the  reaction  mixture  in  a  vacuum  and  thus  also  removed  the  unreacted 
amine.  The  residue  v;as  dissolved  in  acetone  and  treated  with  an  excess  of  an  acetone  solution  cf  oxalic  acid. 
The  resulting  oxalate  crystallized  well  from  aqueous  acetone  or  alcohol.  Decomposition  of  the  salt  with  10^ 
water  solution  of  soda  gave  the  corresponding  base.  We  thus  obtained  2,5-bis(dibutylaminomethyl)-  and  2,5- 
bis(dilsoamylaminomethyl)hydroquinones. 
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Isolated  as  the  oxalate  with  later  decomposition  by  10'%  soda  solution.  Yield  given  calculated  on  the  free  base. 
*  Crystallized  out  from  the  reaction  mass  on  long  standing. 


2,5-Bl^(dlbutylamlnomettiyl)hyfJroqulnone«  To  a  solution  of  4,7  g  (0.043  mole)  of  hyclroqulnonc  and  11  g 
(0,086  mole)  of  dibutylaminc  In  20  ml  of  75'^  alcohol,  with  stirring,  In  an  atmosphere  of  nitrogen,  was  added 
6.5  ml  (0,086  mole)  of  formalin  at  such  a  rate  that  the  temperature  of  the  reaction  mass  did  not  exceed  30*. 
After  dLstillation  of  the  solvent  and  unreacted  amine  in  vacuum,  the  residue  was  dissolved  in  50  ml  of  acetone, 
and  a  solution  of  lO.B  g  of  oxalic  acid  In  50  ml  of  acetone  was  added.  The  precipitated  salt  was  recrystallized 
from  aqueous  acetone.  Yield  13.65  g  (66.7'7c).m.  p.  198-103*  (v/ith  decomposition). 

Two  g  of  2,5-bls(dIbutyIamInomethyl)hydroqulnonc  oxalate  In  40  ml  of  water  was  treated  with  5  ml  of  a 
soda  solution.  The  precipitated  base  was  rcciystalllzcd  from  alcohol.  Large  colorless  crystals  with  m,  p, 
41*,  Yield  1.1  g  (70'5^.),  In  the  table  we  give  the  conditions  of  synclsesls  and  results  of  analysis  of  the  2,5-bls- 
(dlalkylamlnomethyl)hydroqulnones  which  were  obtained. 

SUMMARY 

The  Mannich  reaction  of  hydroqulnonc  with  secondary  amines  and  formaldehyde  gave  seven  new  bases. 
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Di  a  previous  communication  [1]  we  showed  especially  the  effect  of  two  benzyl  groups  on  a  nitrogen 
atom  on  tlic  stability  of  N.N-dibenzyl-a -amino  acid  chlorides,  and  also  the  ability  of  N,N-dibcnzyltrIpcptldei 
to  show  special  behavior  In  the  formation  of  the  copper  biuret  complex. 


In  this  study  we  have  continued  the  synthesis  of  peptides  with  tertiary  nitrogen  atoms  placed  in  the  com¬ 
pound  with  terminal  tertiary  nitrogen  atoms  which  have  various  protective  groups,  and  with  tertiary  nitrogen 
atoms  so  built  into  tire  peptide  molecule  that  they  can  be  represented  as  follows: 


NClfoCO— MICHCO-NHCnCO-NH.  .  . 


n— 


II' 


ir 


Cll 

I  I  I 

CO-NHCHOO— NHCHCO— NH  .  .  . 


n,  - - 

^NCIUCO-NMCHCO— NHCIICO-NC 

n/  ‘  I  I  ^CH- 

H'  H-  I 

COOAlk, 


The  synthesis  of  these  peptides  was  carried  out  for  a  study  of  their  behavior  in  the  formation  of  copper 
complexes  depending  on  the  peptide  structure.  The  peptides  sy'nthesized  are  given  in  Tables  1  and  2, 

The  esters  of  N,N-dibenzyltripcptides  were  obtained  by  the  method  of  mixed  anhydrides  [2],  The  method 
In  most  cases  was  changed  at  the  stage  of  purifying  the  substances.  While  dibenzyl  leucine  was  not  soluble  in 
hydrochloric  acid  and  dissolved  well  in  chloroform,  dibenzylglycine  dissolved  in  hydrochloric  acid,  but  poorly 
in  chloroform,  and  therefore  after  carrying  out  the  reaction  in  the  case  of  dibenzylleucine  derivatives  the 
chloroform  solution  was  washed  with  dilute  hydrochloric  acid,  with  water,  and  with  2  N  soda,  in  which  dibenzyl¬ 
leucine  is  easily  soluble,  and  again  with  water.  After  the  reaction,  the  chloroform  was  evaporated  dry  and  the 
remaining  oil  was  treated  with  water  (which  removed  the  triethylamine  hydrochloride)  or  was  precipitated  from 
alcohol  by  water.  The  oil  usually  crystallized  well  on  standing  in  the  cold  and  stirring  with  a  rod.  The  result¬ 
ing  crystals  were  filtered  and  washed  with  absolute  ether  and  ligroin.  We  should  remark  that  esters  of  dibenzyl- 
dipeptides  crystallize  worse  than  do  esters  of  dibenzyltripeptides  (especially  leucine  derivatives). 
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TABLE  1 


Name 

Yield,  ojo 

M.  p. 

r/  (butanol- 
water- 
Cl^COOH) 

Ethyl  ester  of  carbobenzoxy-dl- 
prol  yl  -  gl  yc  yl -gl  yc  i  ne 

66.9 

93* 

0.84 

Ca  rbobenzoxy-dl- prolyl -glycyl- 
glycine 

81 

109 

0.5 

N- Benz  yl  -  dl  -  prol  ine 

34 

102  (decomp.) 

0.8 

Ethyl  ester  of  N-bcnzyl-dl-propyl- 
glycyl -glycine 

54 

75 

0.7 

Ethyl  ester  of  dl-prolyl-glycyl- 
glycine  hydrochloride 

61 

OH 

0.47 

dl  -  Prol  yl-glycyl -glycine  (hydro¬ 
chloride) 

75 

The  same 

0.28 

Methyl  ester  of  N.N-dibenzylglycyl- 
gl  ycyl  -gl  ycy  1  -  prol  ine 

60.3 

68 

0.9 

Methyl  ester  of  glycyl-glycyl-glycyl- 
dl -proline 

55 

128  (decomp.) 

0.37 

Ethyl  ester  of  N.N-dibenzylglycyl- 
glycyl-glycine 

68.7 

78 

0.8 

N.N-Dibenzyl-diglycyl-glycine 

66  . 

157-158 

0.15 

N.N-Diethyllcucyl-glycyl-glycine 

(hydrochloride) 

57.3 

Oil 

0.54 

TABLE  2 


Yield. 

Shifted  (in  cm)  to  the  cath¬ 
ode  in  electrophoresis  at 
potential  gradient 

Name 

'1c 

M.  p. 

6.6  in 

3  hours 

22.05  after 

3  hours 

Ethyl  ester  of  N.N-dibcnzyl- 
glycyl-glycine 

73 

77-78* 

5.5  (4.15) 

4.3 

N.N-Dibenzylglycyl-glycine 

92 

157-158* 

5.1  (4.15) 

4.75 

N.N-Dibcnzylglycyl- glycyl- 
glycine  hydrochloride 

— 

170 

— 

3.9 

Ethyl  ester  of  N.N-dibenzyl- 
leucyl- glycine 

82.5 

96.5 

4.2 

N.N-Dibenzylleucyl-glycine 

60 

140 

3.05  (3) 

— 

Methyl  ester  of  N.N-dibenzyl- 
leucyl-glycyl-leucine 

63 

127 

3.0  (4.3) 

3.2 

Methyl  ester  of  N.N-dibenzyl- 
leucyl  -gl  ycyl  -phenylalanine 

66 

151 

- 

3.3 

*  According  to  the  literature,  oil  with  b.  p.  245*, 

The  dibenzylpeptides  were  obtained  by  saponification  of  the  csters.and  purification  was  sufficiently  easy, 
but  here  we  should  note  the  fact  that  the  dibenzylpeptides  are  amphoteric  compounds.  Therefore,  depending 
on  the  pH  of  tfie  medium  they  can  be  isolated  as  Na  salts  of  the  dibenzylpeptide.  as  the  free  dibenzylpeptide. 
or  as  iu  hydrochloride  (If  the  neutralization  is  canied  out  with  hydrochloric  acid).  The  sodium  salt  of  the 
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dlbenzylpeptide  was  Isolated  from  a  nearly  neutral  medium  (pH  6.8-7.0),  the  dlbenzylpeptlde  at  pH  of  >bout 
5,5  to  6.2.  In  a  strongly  acid  medium  with  standing,  the  dlbenzylpeptide  hydrochlorides  separate  In  the  form 
of  characteristic  needle  shaped  crystals.  In  the  separation  of  the  dfbenzylpeptides  it  Is  useful  first  to  distill  off 
the  alcohol  partially  in  a  vacuum  and  then  carry  out  the  neutralization.  N-Benzylprollne  was  synthesized  by 
the  method  of  Vellus  [3]  as  modified  by  Poddubnaya  and  Maksimov  [1]  for  N.N-dibenzylleucine  by  the  scheme: 

IlgC.  |CIl2  2C.ll»rH,CI  NaOlf 

Il2ci  JcilCOOII  2  5  M  NaOll  JcilCOOClljC.Hj 

MI  NCH2C0II5 

H...C - CII2 

II Jc  1 1  coon 
NCIIaCoIIs 

Saponification  of  tlie  benzyl  ester  of  N-bcnzylprolIne  occurred  completely  using  live  steam  (120*)  for  the 
distillation  of  the  benzyl  alcohol.  Under  more  severe  conditions  there  was  a  strong  tarring  of  the  substance,  and 
under  milder  cnes  a  large  admixture  of  ester  remained.  In  the  separation  of  N-benzylproline  it  was  necessary 
to  acidify  carefully  to  an  acid  reaction  to  Congo,  since  otherwise  the  Na  salt  of  N-benzylproline  separated;  It 
was  obtained  chromatographically  homogeneous  and  analytically  pure  after  reprecipitation  by  ether  from  alcohol 
at  -40*.  To  purify  the  N-bcnzylproline  from  inorganic  salts,  the  precipitate  was  best  treated  several  times  with 
anhydrous  chloroform,  after  removal  of  wliich  the  substance  was  lecrystallized  from  absolute  ether.  Reprecipita- 
tlon  from  clilorofoim  or  from  alcohol  by  ether  was  accompanied  by  much  loss,  and,  thought  the  substance  ob¬ 
tained  chromatographically  homogeneous,  we  did  not  get  it  in  an  analytically  pure  state. 

rhe  synthesis  of  the  ethyl  ester  was  carried  out  with  the  N-benzylprcline  which  we  obtained,  using  the 
method  of  mixed  anhydrides.  After  rccrystallization  from  hot  water  the  substance  was  obtained  chromatographic¬ 
ally  and  analytically  homogeneous.  All  the  chromatographic  studies  were  run  in  the  system  butanol-acetic  acid- 
water  (4;  1:  5),  Saponification  of  the  ethyl  esterof  carbobenzoxy-dl-prolyl-glycyl -glycine  had  to  be  carried 
out  carefully,  since  in  comparison  with  the  other  peptides,  hydrolysis  of  the  peptide  bond  of  this  peptide  occurred 
much  more  easily  (saponification  was  carried  out  as  described  for  the  ethyl  ester  of  phenylalanyl-proline  [4]). 
Thus,  using  20%  excess  of  1  N  sodium  hydroxide  for  20  hours  there  was  easy  hydrolysis  of  the  peptide  at  the 
prolyi-glycine  bond.  On  the  chromatogram  we  observed  the  appearance  of  spots  with  R  j  corresponding  to 
glycyl-glycine  and  proline.  I:  was  better  to  saponify  the  tripeptide  ethyl  ester  before  removal  of  the  carbo- 
benzoxy  group. 

The  s)’nthesis  of  the  tetrapeptide,  methyl  ester  of  N,N-dibenzylglycyl-glycyl-glycyl-proline,was  carried 
out  by  joining  dibcnzyltriglycine  with  the  hydrochloride  of  the  methyl  ester  of  proline  by  the  method  of  mixed 
anhydrides.  It  should  be  noted  that  for  the  success  of  this  reaction  the  conditions  for  the  formation  of  the  mixed 
anhydrides  are  of  the  greatest  value.  Thus  the  most  successful  method  of  getting  a  good  yield  of  substance  Is 
keeping  the  mixed  anhydride  for  15  minutes  at  -8*.  With  longer  standing,  even  at  —10*  decomposition  of  the 
mixed  anhydride  begins  and  so  the  yield  is  decreased.  After  purification,  the  substance  is  obtained  crystalline, 
and  by  chromatography  is  homogeneous.  On  hydrolysis  of  the  dibenzyltctrapeptide  with  20'7e  hydrochloric  acid 
for  eight  hours,  proline  and  glycine  are  found.  The  chromatogram  of  the  hydrolyzate  was  developed  with  ben¬ 
zidine,  ninhydrin,  and  isadn  (proline  gives  a  blue  spot  and  glycine  a  pink  one) 

The  case  of  removing  the  dibenzyl  protective  groups  was  once  more  confirmed  in  obtaining  the  tetrapep¬ 
tide.  By  hydrogenation  with  Pd  black  in  acetic  acid  at  50*  for  three  hours  we  were  able  to  obtain  the  methyl 
ester  of  the  tetrapieptide  with  a  yield  of  5S‘^. 

N,  N-Diethylnorleucyl-glycyl-glycine  was  synthesized  by  analogy  with  the  method  described  in  tfie  litera¬ 
ture  [5]  for  N,N-diethylleucyl  ester  (see  next  page). 

The  optimum  conditions  for  alkylation  were  to  keep  with  a  fivefold  excess  of  diethylamine  for  30  days. 
The  substance  was  Isolated  as  the  hydrochloride, which  was  chromatographically  and  analytically  homogeneous. 

All  of  the  compounds  which  we  obtained  were  studied  for  their  ability  to  form  a  copper  complex,  and,  as 
we  reported  earlier,  we  found  that  the  effect  of  a  dialkyl  protective  group  on  the  nitrogen  atom  tended  to  double 
the  complex  formation,  and  in  the  case  of  acyl  protective  groups  there  was  inhibition  of  the  ability  to  give  the 
biuret  reaction. 
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Nil 


C«If, 


waoH  I 

I  -h  nrCIICOCI - ►  BrCHCO-NHCH,CO-NIICH,C^ 

O^^/CH.  I  .  N3H 


c«ll. 


HN{C,H,), 


{CjIl5)jNCnCO-NHCn2CO— NIlCnaCO-NlIClIxCcQ^^  + 

C«n, 


EXPERIMENTAL 

dl-Proline*  was  obtained  by  the  method  described  in  the  literature  [6]:  yield  10,5  g  (42,3‘^),  M,  p.  202*; 
according  to  the  literature  202-203*. 

N-Carbobenzoxy-dl-p-*oline  was  obtained  by  the  method  of  E.  Abderhalden  [8],  Yield  9  g  (84*^).  Non¬ 
crystallizing  oil. 

Found '’/c:  N  5.72,  5,79,  CjsHijO^N,  Calculated  N  5,62, 

Methyl  dl-prolinate  hydrocliloride  was  obtained  by  analogy  with  the  method  for  methyl  dl-prolinate  [9], 
Yield  2.1  g  (73.G‘>/c).  M.  p.  76*.  The  hydrochloride  of  methyl  dl-prolinate  is  described  In  the  literature;  no  melt¬ 
ing  point  h  given  [7], 

N-ncnzyl-dl-proline,  Two  g  of  dl-proline  was  dissolved  in  20  ml  of  ethanol;  4.42  g  of  freshly  distilled 
benzyl  cliloridc  was  added, as  was  a  solution  of  2  g  of  sodium  hydroxide  in  7  ml  of  water.  The  mixture  was 
heated  on  a  water  bath  for  three  hours.  The  benzyl  alcohol  was  distilled  off  with  live  steam  during  six  hours, 
and  5  g  of  sodium  hydroxide  was  added  to  the  reaction  mixture.  The  precipitated  sodium  chloride  was  filtered 
off.  It  was  acidified  with  acetic  acid  to  an  acid  reaction.  The  acid  solution  was  evaporated  dry  in  a  vacuum. 

The  dry  residue  was  extracted  with  100  ml  of  absolute  chloroform.  The  chloroforai  was  distilled  off  in  a  vacuum. 
To  remove  the  excess  acetic  acid  we  treated  it  several  times  with  anhydrous  toluene  and  evaporated  In  a  vacuum. 
The  oil  obtained  in  this  way  was  crystallized  under  absolute  ether.  The  ester,  three  times  rcpreclpitated  from 
alcohol  by  ether  at  —40*  gave  a  pure  crystalline  substance,  though  purification  was  accompanied  by  great  loss. 
Yield  before  reprccipitation  2,4  g  (687c);  after  icprecipitation,  1.2  g  (347j),  m.  p.  102*  (decomposition).  Not 
described  in  the  literature. 

Found  7c:  C  63.67,  63.38;  H  3.04.  6.05.  CiiH^OiNNa.  Calculated  C  63.43;  H  6.17. 

N-Denzylproline  dissolved  in  methyl  and  ethyl  alcohols,  dioxane,  acetone,  ethyl  acetate,  water,  and  chloro* 
form;  it  did  not  dissolve  in  benzene,  toluene,  carbon  tetracliloride,  ether,  and  ligroin. 

Ethyl  ester  of  N-benzyl-dl-prolyl-glycyl-glycine.  One  g  of  N -benzyl -dl-proline  in  10  ml  of  anhydrous 
chloroform  was  cooled  to  ~10*  and  0.74  ml  of  triethylamine  and  0.45  ml  of  ethyl  chlorocarbonate  were  added; 
during  15  minutes  at  —9*  with  shaking  we  added  to  the  mixture  a  solution  of  1.2  g  of  ethyl  glycyl-glycinate 
hydrochloride  with  0,88  ml  of  triethylamine  in  25  ml  of  chloroform.  The  solution  stood  for  one  hour  at  0*  and 
then  overnight  at  room  temperature.  It  was  washed  repeatedly  with  water.and  the  chloroform  was  removed  in 
a  vacuum.  The  resulting  oil  was  dissolved  several  times  in  anhydrous  alcohol  and  the  solvent  was  distilled,  ft 
was  recrystallized  from  hot  water.  Yield  0.92  g  (&47i).  M,  p,  75*.  The  substance  was  obtained  for  the  first  time. 

Found  <%:  C  62.34,  62.42;  H  7.28,  7.33.  CnHxsO^N,.  Calculated  <%:  C  62.24;  H  7.20. 

Soluble  in  alcohol,  acetone,  acetic  acid,  ethyl  acetate ;  partly  soluble  in  ether,  benzene,  and  water  (with 
heating);  insoluble  in  ligroin.  It  gives  a  positive  biuret  reaction  with  different  absorption  maxima  depending  on 
the  concentration  of  alkali. 

•Also  obtained  from  a-chlorocarboxypiperidone  according  to  the  method  of  tlie  literature  [7),  The  yield  of 
proline  hydrochloride  was  62  g  (417:),  Free  proline  was  obtained  by  purification  on  resin  KU-2.  The  yield  of 
dl-proline  was  25  g  from  40  g  of  hydrochloride  f83.5<i>.  M.  p.  202*. 
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Ethyl  ester  of  N.N-dlbenzyl^lycyl-Rlycyl-glycine.  Three  g  of  N.N-dIbenzylglycine  was  dissolved  In  50  ml 
of  anhydrous  chloroform  and  1.62  ml  of  tricthylamine  with  careful  heating  on  a  water  oath;  the  mixture  was 
cooled  to  -10*  and  treated  with  1.2  ml  of  ethyl  chlorocarbonate;  after  30  minutes  we  added  3  g  of  the  hydro¬ 
chloride  of  ethyl  glycylglycinatc  in  60  ml  of  absolute  chloroform  and  3  ml  of  tricthylamine  with  stirring.  The 
mixture  stood  overnight  at  room  temperature.  The  chloroform  was  distilled  off  in  a  vacuum  .and  the  substance 
was  recrystaP.ized  by  precipitation  from  alcohol  with  water.  Yield  3,4  g  M,  p,  77-78*.  Not  described 

in  the  literature. 

Found  <70:  C  66.43.  66.42;  H  7.02,  7.13;  N  10.43,  10.57.  C22H2TO4N3.  Calculated  o}e:  C  66.49;  H  6.80; 

N  10.57. 

A  white,  crystalline  substance,  easily  soluble  in  methanol,  chloroform,  acetone,  benzene,  and  other  organic 
solvents;  entirely  inso'uble  in  water,  soda  solution,  ether,  ligroin  and  isoamyl  alcohol,  Electrophoretically  homo¬ 
geneous, 

N.N-Dibenzylglycyl-glycyl -glycine.  We  dissolved  2.2  g  of  ethyl  ester  of  N,N-dibenzylglycyl-glycyl- 
glycinc  in  3.3  ml  of  methanol.  To  the  resulting  solution  we  added  7,0  ml  (25'7c  excess)  of  2  N  alkali  and  the 
mixture  stood  overnight.  The  excess  alkali  was  neutralized  with  2  N  hydrocliloric  acid  to  die  apperance  of  tur¬ 
bidity,  and  tlic  solution  was  left  at  room  temperature  for  a  day.  The  finely  crystalline  precipitate  was  filtered  off 
and  washed  several  times  with  water  and  absolute  ethyl  ether.  Yield  1.3  g  (92'’^),  m,  p.  157-158*.  Described 
in  the  literature  as  an  oil  [10]  (from  N,N-dibenzylglycyl  crJoride),  and  by  other  authors  as  melting  at  245*  [11], 

Found  ‘7c;  C  65.04,  65.03;  H  6.23,  6.16.  CjoHjjO^Nj.  Calculated  ‘jez  C  65.04;  H  6.23. 

Easily  soluble  in  methanol,  cliloroform,  carbon  tetrachloride,  dioxanc,  and  other  organic  solvents,  not 
soluble  In  waicr,  dilute  hydrochloric  acid,  ether,  ethyl  acetate,  and  amyl  alcohol,  Electrophoretically  and 
chromatographically  homogeneous. 

Ethyl  ester  of  N.N-dlbenzyllcucyl-glycine.  The  synthesis  was  carried  out  starting  from  3.1  g  of  N,N-dl- 
bcnzyllcucinc  under  the  conditions  described  for  the  synthesis  of  the  triglycine  derivative.  The  chloroform  solu¬ 
tion  after  the  reaction  was  washed  four  times  with  1  N  NaOH  (60‘7c  of  the  volume),  with  water,  twice  with  a 
solution  of  2  N  soda,  and  again  v'ith  water.  The  solution  was  dried  over  fused  sodium  sulfate.  The  chloroform 
was  distilled  off  in  a  vacuum, and  the  substance  was  purified  by  reprecipitation  from  alcohol  with  water.  The 
oil  which  formed  was  crystallized  by  standing  in  the  cold.  Yield  3.25  g  (82.5'^),  m.  p.  96.5*.  Not  described 
In  the  literature. 

Found  C  66.76,  66.72;  H  7.77,  7.79;  N  6.20,  6.40.  C24H33P3N2CI.  Calculated  C  66.70;  H  7.63; 

N  6.48. 

N,N-DibenzyHeucyl-glycine.  Saponification  of  the  ester  was  carried  out  as  described  above  with  use  of 
24<7o  excess  of  2  N  alkali.  To  the  oil  which  precipitated  after  neutralization  we  added  dilute  hydrochloric  acid. 
The  crystals  were  filtered  off,  washed  with  a  small  amount  of  water  and  ligroin.  Yield  of  hydrochloride  0.66  g 
(60*70),  m.  p,  140*.  Not  described  in  the  literature. 

Methyl  ester  of  N,N-dibenzylieucyl-glycyl-leucine  was  prepared  by  the  above  method,  staning  from 
1.01  g  of  hydrocliloride  of  N,N-dibenzylleucyl-glycine,  0.48  g  of  ethyl  ester  of  chlorocarbonic  acid,  and  1.38  g 
of  methyl  leucinate  hydrochloride.  For  crystallization  the  oil  was  ground  for  sometime  under  water  with  the 
addition  of  a  small  amount  of  1  N  NaOH,  separated  from  the  water  and  washed  with  absolute  ether.  The  finely 
crystalline  precipitate  of  hydrochloride  was  carefully  washed  with  absolute  ether.  Yield  0.7  g  (66,6‘^),  M,  p, 

127*.  Obtained  for  the  first  time. 

Found  C  65.97,  65.93;  H  7.96.  7.80;  N  8.14,  7.98.  C29HCO4NSCI.  Calculated  <%i:  C  65.47;  H  7.93; 

N  7.93. 

Easily  soluble  in  organic  solvents;  insoluble  in  water,  hydrochloric  acid,  and  ether. 

Methyl  ether  of  N,N-dibenzylleucyl-glycyl-phenylalanine  was  obtained  in  an  analogous  way  from  1,01  g 
of  the  hydrochloride  of  N,N-dibenzylleucyl-glycine  in  25  ml  of  anhydrous  chloroform,  0.69  ml  of  (C2H5)|N,  and 
0,48  ml  of  ethyl  chlorocarbonate.  It  was  combined  with  1,62  g  of  the  hydrochloride  of  the  methyl  ester  of  phenyl¬ 
alanine  in  35-40  ml  of  anhydrous  chloroform  and  1.03  ml  of  triethylamine.  It  was  isolated  as  the  hydrochloride 
by  analogy  with  the  preceding  case. 
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Found  <5fc;  C  69.26.  69.10;  H  7.09,  7.21;  N  7.43,  7.47.  C32l^904Nj- iViHjO.  Calculated  C  69.03; 

H  7.01;  N  7.55. 

Methyl  ester  of  N,N-dlbenzylglycyl*glycyl-glycyl-dl-proHne.  One  g  of  N.N-dlbenzylglycyl-glycyl- 
glyclne  was  dissolved  in  15  ml  of  anhydrous  chloroform.and  0.41  ml  of  trlethylamine  was  added.  The  solution 
was  cooled  to  -9*  and  0.3  ml  of  chJorocarbonIc  ester  was  added.  The  mixture  was  kept  at  -8*  for  15  minutes; 
then  with  stlrrlng.a  solution  of  0.56  g  of  the  hydrochloride  of  the  methyl  ester  of  dl-prolinc  withO.53  ml  of  trl¬ 
ethylamine  in  chloroform  was  added.  The  mixture  was  kept  for  one  hour  at  0*  and  then  overnight  at  room  tem¬ 
perature.  It  was  washed  repeatedly  with  water,  1  N  soda,  and  then  water  again.  The  chloroform  was  distilled 
off,  and  the  oil  was  dried  in  a  vacuum  desiccator  over  alkali.  When  the  oil  was  dissolved  in  a  small  amount  of 
ether  it  became  crystalline  after  direct  precipitation  from  the  absolute  ether.  For  purification  It  was  recipitated 
by  water  from  a  minimum  amount  of  alcohol.  Characteristic  red  shaped  crystals.  Yield  0.8  g  (60.3^^).  M.  p. 

68*.  Prepared  for  the  first  time. 

Found  N  11.42.  11.48.  CjgHaOsN^.  Calculated  N  11.66. 

Soluble  in  methanol,  acetone,  benzene,  chloroform,  acetic  acid,  ether;  not  soluble  in  water  and  ligroin. 

The  substance  was  chromatographically  homogeiicous.  It  was  submitted  to  eight-hour  hydrolysis  with  20“^  hy¬ 
drochloric  acid.  The  hydrolyzate  gave  In  chromatography  in  the  same  system  two  spots  characteristic  of  gly¬ 
cine  (Rj  0,2)  and  proline  (Rj  0,3),  The  chromatogram  was  developed  with  ninhydrin,  benzidine,  and  isatin 
(blue  spot  for  proline,  pink  for  glycine). 

The  N,  N-dibcnzyltetrapcptide  gave  a  positive  biuret  reaction  with  different  absorption  maxima  depend¬ 
ing  on  the  concentration  of  alkalL 

Methyl  ester  of  glycyl-glycyl-glycyl-dl -proline.  We  hydrogenated  0,2  g  of  the  methyl  ester  of  N,N-di- 
benzylglycyl-glycyl-glycyl-dl-proline  over  0.05  g  of  Pd  black  in  6  ml  of  80<%  acetic  acid  for  3  hours  at  50*. 

After  distillation  of  the  solvent  in  a  vacuum  the  substance  was  treated  several  times  with  anhydrous  toluene.and 
the  solvent  was  distilled  off.  The  oil  rapidly  crystallized  under  absolute  ether.  It  was  reprecipitated  from  alco¬ 
hol  by  ether.  Yield  0,07  g  (55  ’/e).  M.  p.  128*  (decomposition).  Not  described  in  the  literature. 

Found  <7fl;  N  18.82,  19.17.  Ci2H2o05%  Calculated  <%-.  N  18.66. 

Soluble  In  alcohols,  benzene;  insoluble  in  water,  ether,  acetone,  ligroin,  and  chloroform.  It  gives  an  In¬ 
tense  biuret  reaction,  which  is  characteristic  of  tripcpiides. 

Hydroclilorlde  of  N,  N-dlethylnorleucyl-glycyl-glycine,  A  mixture  of  6,3  g  of  n-caproyl-glycyl -glycine 
and  11  mg  of  dicthylamine  in  10  ml  of  alcohol  stood  for  30  days.  At  the  end  of  this  period  the  solution  was 
evaporated  in  a  vacuum  to  formation  of  a  glassy  residue.  The  residue  was  dissolved  in  20  ml  of  water,and  the 
solution  was  made  alkaline  with  sodium  hydroxide.  The  excess  diethylamine  was  rep>eatedly  extracted  with 
ether.  The  solution  was  acidified  with  20^;^  hydrochloric  acid  to  a  weakly  acid  reaction.  The  solution  was 
evaporated  in  a  vacuum  and  precipitated  with  ether.  It  was  dried  over  alkali.  Yield  3,9  g  (57,3‘5fc), 

Found  N  12.32,  12.28.  Ci4H2,04N3CL.  Calculated  N  12.43. 

The  substance  was  very  hygroscopic;  easily  soluble  in  alcohols,  chloroform;  more  difficultly  so  in  acetic 
acid,  acetone;  insoluble  in  benzene,  ether,  and  ligroin.  The  chromatogram  gave  one  spot  with  Ry  0.54.  The 
compound  gives  a  positive  biuret  reaction  with  different  absorption  maxima  depending  on  the  concentration  of 
alkali. 

SUMMARY 

1,  We  have  synthesized  the  undescribed  N.N-dibenzylpeptides:  N,N-dibenzylleucyl-glycine;  hydrochloride 
of  N,N-dibenzylglycyl-glycyl-glycine;  ethyl  esters  of;  N.N-dIbenzylleucyl-glycine,  N,N-dibenzyl-glycyl-glycyl- 
glycine,  N-benzyl-dl-prolyl-glycyl-glyclne,  carbobenzoxy-dl-prolyl-glycyl-glycinc;  and  the  methyl  esters  of: 
N,N-dibenzylleucyl-glycyl-leucine,  N,N-dlbenzylleucyl-glycyl-phenylalanine,  and  N,N-dibenzylglycyl-digly- 
cyl-dl -proline. 

2.  We  have  obtained  the  ethyl  ester  of  dl-prolyl-glycyl-glycine  and  the  methyl  ester  of  diglycyl-glycyl- 
dl-j>roline. 
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THE  REACTIONS  OF  CHLORINE -CONT  A INING  TELOMERS 
OF  DIENE  HYDROCARBONS 

V.  THE  SYNTHESIS  OF  SOME  ALCOHOLS  OF  THE  SESQUITERPENE  SERIES 
AND  THEIR  ANALOGS 

E,  Yu,  Shvarts  and  A,  A.  Petrov 
Lcnsovet  Leningrad  Technological  Institute 

Translated  from  Zhurnal  Obshchei  Khlmil,  Vol,  30,  No,  11,  pp,  3598-3604, 
November,  1960 

Original  article  submitted  January  1,  1960 


In  recent  years  much  attention  In  the  literature  has  been  devoted  to  developing  synthetic  methods  for  ob¬ 
taining  terpene,  sesquiterpene,  and  polyterpene  alcohols. 

The  first  of  these  studies  was  il)e  work  of  Ruzicka  [1,  2],  who  proposed  a  general  method  of  synthesis  which 
was  then  often  used  by  other  investigators  with  some  changes  in  the  separate  steps  [3-8], 
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For  the  synthesis  of  the  ketones  which  are  intermediates  In  this  scheme  they  used  the  condensation  of  allyl 
chlorides  with  sodium  acetoacetic  ester  and  the  condensation  of  the  corresponding  alcohols  with  acetcacetic  ester 
or  with  diketones,  with  later  pyrolysis.  For  transformation  of  the  ketones  into  alcohols  with  an  augmented  carbon 
chain,  besides  ethynylation  with  acetylene,  they  carried  out  vinylation  with  vinylmagnesium  bromide  [9]  and 
condensation  with  bromoacetic  ester  followed  by  reduction  [10], 

Other  schemes  were  also  suggested  for  synthesis  of  terpene  and  sesquiterpene  alcohols  and  their  homologs, 
for  example  the  magnesium  organic  synthesis  with  participation  of  methyl  cyclopropyl  ketone  [11]. 

In  1958  appeared  the  report  of  the  use  of  the  Ruzicka  scheme  for  the  Industrial  preparation  of  terpene, 
sesqui-  and  polyterpene  alcohols,  and  also  for  carotenoids  and  vitamin  A  and  E.  The  ketones  In  this  process 
were  obtained  with  diketene  [12]. 

Because  of  the  successful  studies  of  the  telomerization  of  diene  hydrocarbons  with  halogen  derivatives  it 
became  easy  to  obtain  terpene,  sesquiterpene,  and  polyterpene  chlorides,  their  analogs  and  homologs  [13-19], 

We  have  attempted  to  use  these  chlorides  for  the  synthesis  of  nerolidol,  famesol,  and  their  homologs  and  analogs 
by  the  classical  scheme  of  Ruzicka. 
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For  this  study  we  took  tl»c  terpenc  chlorides  obtained  by  telomerlzatior.  of  prenyl  chloride  with  Isoprenc 
(geranyl  chloride)  and  piperylene  hydrochloride  with  Isoprene  and  chloroprene.  As  was  shown  earlier.the  latter 
two  substances  arc  especially  suitable  for  model  Investigations  since  they  are  obtained  in  high  yield  and  in  a 
sufficiently  pure  state  [15]. 

From  geranyl  chloride  we  obtained  geranyl  acetone  and  from  the  latter,  dehydronerolldol,  nerolidol,  and 
farnesol.  Dehydronerolldol  was  purified  from  the  admixed  ketones  which  were  seen  in  the  study  of  Its  infrared 
spectrum,  although  the  substance  did  not  differ  in  its  constants  from  the  dehydronerolldol  described  in  the  litera¬ 
ture.  This  fact  gives  us  a  basis  for  doubting  the  purity  of  many  sesquiterpene  alcohols  described  In  the  literature. 
If  infrared  spectra  were  not  used  In  their  investigation. 
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In  an  analogous  way,  from  l-chloro-3,5-dimethyl-2,6-octadiene  we  obtained  3,7,9-trimethyl-6,10- 
dodccadien-l-yn-3-ol  and  3,7,9-trimethyl-l,6,10-dodecatrien-3"Oi,  Isomers  of  dehydronerolldol  and  nero- 
lidol,  and  from  l,3-dlcnioro-5-methyl-2,6-octadiene,  7-cliloro-3,9-dImethyl-6.  lO-dodecadien-l-yn-3-ol 
and  7-chloro-3,9-dimethyl-l,6,10-dodccatrien-3-ol,  analogs  of  the  above  substances  with  an  atom  of  chlo¬ 
rine  instead  of  the  methyl  group. 

All  these  alcohols  arc  oily,  colorless  liquids  with  a  pleasant  odor  which  at  high  dilutions  resembles  the 
odor  of  farnesol.  They  distill  at  10  mm  without  decomposition.  The  chief  constants  of  these  alcohols  are  given 
In  Table  1, 

Table  1  shows  that  alcohols  with  a  terminal  acetylene  or  vinyl  group  scarcely  differ  In  boiling  point.  The 
latter  have  a  somewhat  lower  specific  gravity  and  index  of  refraction. 

In  tire  Infrared  spectra  of  il-.e  alcohols  with  a  terminal  acetylenic  group  the  triple  bond  has  a  frequency  of 
about  2120  cm"'  (weak)  and  a  valence  CH  oscillation  with  an  intense  frequency  of  about  3290cm"',  The  val¬ 
ence  frequencies  of  the  double  bond  in  the  spectrum  of  the  alcohols  which  do  not  contain  chlorine  have  very 
small  intensity.  In  the  spectra  of  chlorine-containing  alcohols  the  Intensity  of  these  frequencies  is  considerably 
higher.  The  deformation  CH  oscillation  in  the  group— C=C—  Is  an  Intense  frequency  of  968  cm”'. 

In  the  infrared  spectra  of  alcohols  with  the  nerolidoi  grouping  there  are  intense  deformation  frequencies 
characteristic  for  the  vinyl  group  (995  and  920  cm”'). 

In  all  the  spectra  the  valence  frequencies  of  the  OH  bond  He  at  about  3400  cm"'  and  for  the  OC  bond,  at 
about  1100  cm"'. 


EXPERIMENTAL 

The  terpene  chlorides  were  obtained  by  celomerization  of  isoprene  and  chloroprene  with  hydrochlorides 
of  isoprene  and  piperylene,  Telomerization  was  carried  out  at  a  ratio  of  diene  to  hydrochloride  of  1: 1  In 
methylene  chloride.  As  a  catalyst  we  used  a  5<^  solution  of  tin  chloride  in  methylene  chloride.  The  reaction 
was  stopp>ed  by  addition  of  pyridine.  The  constants  of  the  chlorides  used  are  given  in  Table  2,  They  scarcely 
differ  from  those  found  previously. 

Geranyl  acetone  and  other  ketones  with  analogous  structures  were  obtained  by  condensation  of  the  telomen 
shown  in  Table  2  with  sodium  acetoacetic  ester.  The  conditions  for  carrying  out  this  reaction  were  like  those 
described  in  one  of  the  preceding  communications  [20],  The  constants  of  the  resulting  ketones  are  given  in 
Table  3,  They  scarcely  differ  from  those  given  before. 
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Infrared  transmission  specu'a.  1)  3,7,9-trimethyl-6,10-dodccadien-l-yn-3-ol;  2) 
3,7,9-trimethyl-l,6.10-dodecatricn-3-ol;  3)  7-chloro-3,9-dimethyl-6,10-octa- 
dicn-l-yn  -3-ol:  4)  7-chloro-3,9-dimcthyl-l,6,10-dodecauicn-3-ol, 


Ethynylation  of  the  ketones  was  carried  out  in  liquid  ammonia.  As  an  example  of  the  synthesis  we  give 
that  of  3,7,9-trimelhyl-6,10-dodecadien-l-yn-3-ol, 

In  a  round  bottomed  llask  fitted  with  a  stirrer,  dropping  funnel,  and  tubes  for  inlet  and  outgo  of  acetylene 
and  surrounded  by  a  heat  insulating  cover  we  placed  350  ml  of  liquid  ammonia.  With  stirring,  in  a  stream  of 
acetylene  we  added  in  small  portions  12.5  g  of  metallic  sodium.  Then  in  the  course  of  one  hour  we  added  drop- 
wise  47  g  of  6,8-dimethyI-6,9-undccadien-2-one,  obtained  from  the  telomer  of  isoprene  with  piperylene  hy¬ 
drochloride.  The  reaction  mixture  was  stirred  for  nine  hours  and  then  stood  overnight.  After  evaporation  of  the 
ammonia  the  viscous  yellow  residue  was  treated  with  a  solution  of  130  ml  of  concentrated  llCl  in  400  ml  of  water 
mixed  with  ice.  The  reaction  product  was  extracted  with  ether.  The  ether  exaact  was  washed  with  a  saturated 
solution  of  sodium  bicarbonate  and  dried  over  ignited  MgSO^.  After  distillation  of  the  ether,  the  residue  was 
distilled  in  a  vacuum.  We  obtained  43  g  (78<5t)  of  a  product  with  b.  p.  109-112*  (4  mm),  i^®D  1.4737, 

For  purification  from  admixed  ketone  the  alcohol  was  treated  with  Girard  reagent  (*P”)  [23].  We  heated 
43  g  of  alcohol  with  10  g  of  reagent  and  8.37  g  of  acetic  acid  in  120  ml  of  anhydrous  alcohol  for  1.5  hours  on 
a  water  bath.  After  cooling,  the  solution  was  poured  into  ice  water  which  contained  6.66  g  of  soda  (an  amount 
needed  to  neutralize  907c  of  the  acetic  acid  taken).  T'ne  reaction  mixture  remained  acid  to  bromthymol  blue. 
The  purified  alcohol  was  extracted  with  ether.  The  ether  extract  was  washed  with  a  solution  of  sodium  bicarbo¬ 
nate,  dried  with  ignited  MgS04,  and  fractionated  first  at  ordinary  pressure  (distillation  of  the  ether)  and  then  in 
a  vacuum. 

We  thus  obtained  30.5  g  of  purified  acetylenic  alcohol  (yield  56.5*^!:  on  the  starting  ketone)  with  the  con¬ 
stants  given  in  Table  1. 
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TABLE  2 

Constants  of  the  Starting  Telomers 


CH3-C=CH-Cll2-CH2-C=CH-CIl2Cl  • 

CH3  inj 

CH3-cn=cii-cn-cn2-c=cn-CH2Ci 

I  I 

CHa  CHs 

CH3-CH=CH— CH  -CH2-C=CH-CM2t''* 
I  I 

CHa  Cl 


5i— 78®(2)  0.9357  1.4380 

84-87(10)  0.9132  1.472» 

91-93(10)  1.0382  1.4860 


TABLE  3 

Constants  of  the  Diene  Ketones 


cn3-c=cn--cii2-cn2-c=cn-cii..-cn2-cn-cii3  12.3-12.5°  o..sii9.s  i.4fi70  57 

I  I 

CHa  CH- 

fHla  -r,I!=CH -Cll— Cllj-C-CII-CII.-CH.-CO-CHa  MS— 121  0.SC.27  1.4620  .59 

I  I 

CII3  Clla 

t:n,-cii=^cii-cn-cii..-c--(:n-cii..-r,ii,-(:()-cii3  129-1.12  0.9732  1.4738  45 

I  ■  I 

CII3  Cl 


TABLE  4 

Analytical  Data  for  the  Alcohols 


Sub- 

tance 

1  Found  ’Ic  j 

1  Calculated 

c 

1  " 

Cl  1 

acetylenic  | 
alconol 

c 

II 

Cl 

acetyl¬ 

enic 

alcohol 

!  Sl.tr/. .S1.79  11.12.  M.OS,  —  —  9H.S.97.2 

II  81.96.  sl..si  ll.OS.  11.14  j  —  —  98.8.97.2 

III  6'.».96.  7tU»l  S.9I.  8.S6  j  1 4..5fi.  I  4.73  96.9,97.2 

IV  .S0.97.  .S().90  1 1.. 50.  11.62  1  —  — 

V  81.10,80.92  11. .58.  11.47  I  —  — 

VI  69.20.69.13  9.62.  9.67:14.5.1,14.55 


—  98.8.97.2  81.76  10.98  —  100 


81.76  10.98  _  100 

69.84  8.79  14.73  100 

81.02  11.78  — 

81.02  11.78 

69.2l>  9.55  14.60 


The  analytical  data  for  all  the  alcohols  are  given  InTable  4.  The  content  of  compound  with  a  terminal 
acetylene  grouping  was  determined  by  the  usual  method  [21], 

The  acetylenic  alcohols  were  hydrogenated  in  methyl  alcohol  in  the  presence  of  0.2-0,3  g  of  Pd/CaCO| 
(containing  0.012  g  Pd  per  g  of  catalyst)  to  the  absorption  of  1  mole  of  hydrogen  per  1  mole  of  substance.  At 
the  end  of  the  hydrogenation  the  catalyst  was  filtered  off.and  the  alcohol  was  distilled  on  a  column  with  a  low 
vacuum  on  a  water  bath.  The  residue  was  distilled  in  a  vacuum  at  10  mm.  The  content  of  primary  alcohol  was 
determined  by  the  method  of  phthalate  formation  [22].  It  did  not  exceed  2>3.5<^.  The  content  of  acetylenic 
alcohols  also  did  not  exceed  2-3<^. 
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Nerollclol  was  converted  to  farnesol  as  follows.  By  the  action  of  phosphorus  tribromide  in  dry  pyridine  it 
was  converted  to  the  bromide.  The  bromide  was  transformed  into  farnesol  acetate  by  the  action  cf  anhydrous 
potassium  acetate  in  dimethylformamide.  The  acetate  was  saponified  with  KOH.  Farnesol  was  purified 
through  the  phthalate.  Its  constants  are  given  in  Table  1, 

SUMM  ARY 

1.  We  have  showed  the  possibility  of  synthesis  of  sesquiterpene  alcohols,  their  isomers  and  analogs  based 
oil  products  of  telomcrization  of  diene  hydrocarbons  with  their  hy  a  roc  hi  or  ides. 

2.  We  have  described  for  the  first  time  the  diene  alcohols  3,  7,  9-trimethyl-6,10-dodecadicn-l-yn-3-ol 
and  7-chloro-3,0-dimp.thyl-6,10-dodecadien-l-yn-3-ol,  and  the  alcohols  of  the  triene  series  3.7,9-trimethyl- 
1.6,10-dodccadicn-3-ol  and  7-chloro-3.9-dimcthyl-1.6,10-dodecatrien-3-ol. 
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THE  REACTIONS  OF  MERCURY  SALTS  WITH  SECONDARY- 


TERTIARY  a-GLYCOLS  OF  THE  ACETYLENE  SERIES 

lU/  5,5-DlMETHa-l,2-DIFHENYL-3-IEXYN-l,2-DIOL  AND 
MERCURIC  CHLORIDE  AND  SUl.FATE 

A.  Fabritsy  and  I.  Kubalya 

Silesian  Polytechnic  Institute,  Polish  Peoples  Republic 

Translated  from  Zhumal  Obshchei  Khimil.  Vol,  30,  No.  11.  pp.  3604-3607, 

November,  1960 

Original  article  submitted  January  5,  1960 


It  was  shown  earlier  that  under  the  action  of  an  alcoholic  solution  of  mercuric  chloride  on  secondary- 
tertiary  acetylenic  a -glycols  (l,2,4-trIphenyl-3-butyn-l,2-diol  and  3-methyl-5-phenyi-4-pentyn-2,3-diol), 
with  heating  there  were  formed  good  yields  of  substituted  furansfl,  2], 

Further,  in  the  case  of  2-mcihyl-l,4-diphenyl-3-but)’n-l,2-diol  it  was  shown  that  under  milder  condi¬ 
tions  it  was  possible  to  Isolate  an  intermediate  reaction  product,  a  substituted  6 -cliloromercurifuran.  Then  a 
mechanism  was  suggested  for  conversion  of  acetylenic  a -glycols  to  substituted  furans. 

The  formation  of  0-chloromercurifurans  is  especially  valuable  in  the  reaction  of  primary-tertiary  ot- 
glycols  of  the  acetylenic  series  with  mercury  salts  since  in  tliis  case  we  can  obtain  fl-chloromercurifuraris  which 
are  not  substituted  in  the  a  -position— compounds  hard  to  obtain.  It  was  also  shown  that  under  the  action  of 
mercuric  sulfate  acetylenic  a -glycols  could  be  converted  into  substituted  furans  [4,  5]. 

In  order  to  determine  whether  the  reaction  of  mercury  salts  with  acetylenic  a -glycols  was  a  general  meth¬ 
od  for  obtaining  furans  and  their  S-chloromercuriderivatives  we  studied  the  action  of  mercuric  chloride  and  sul¬ 
fate  on  sym-diphenyl-tert-butylacetylenyl-ethylene  glycol  (S,5-dimethyl-l,2-diphenyl-3-hexyn-l,2-diol).  All 
the  glycols  of  this  type  studied  earlier  contained  a  residue  of  phenylacetylene;  in  this  case'the  acetylene  hydro¬ 
gen  of  the  glycol  was  replaced  by  a  tert-butyl  group. 

Sym-diplienyl-tert-butylaceiylenyl-ethylenc  glycol  (I)  was  synthesized  by  the  process  of  Zh.  L  lotsich. 
starting  from  benzoin  and  tert-butylacetylene.  By  the  action  of  mercuric  chloride  on  this  glycol,  as  in  the  case 
of  the  glycols  studied  earlier,  a  good  yield  of  2,3-diphenyl-5-tert-butylfuran  (ni)  was  obtained.  As  before,  the 
yield  of  furan  did  not  depend  on  the  amount  of  mercury  salt  used  in  the  reaction  (within  the  limits  from  1  to 
0.25  mole  of  mercuric  chloride  per  1  mole  of  glycol). 

Considering  the  suggested  mechanism  of  formation  of  substituted  furans  [3],  we  believed  it  to  be  expedient 
in  preparing  the  furans  to  add  a  small  amount  of  acid  for  the  purpose  of  hastening  and  making  more  complete 
the  decomposition  of  the  intermediate  reaction  product,  the  5-chloromercmifuran.  This  was  especially  import¬ 
ant  when  using  a  small  amount  of  salt  with  respect  to  the  glycol,  since  under  rather  mild  reaction  conditions 
some  unchanged  mercuriated  furan  might  remain. 

The  mercuriated  furan  2,3-diphenyl-2-tert-butyl-4-mercurifuran  (II)  was  isolated  by  pouring  together 
equimolecular  alcoholic  solutions  of  the  glycol  and  mercuric  chloride.  In  this  case  colorless  crystals  of  the 
•  Communication  L  Zhur.  Obshchei  Khlm.  M,  3227  (1958);  Communication  It  Zhur  Obshchei  Khim.  M,  81 
(1959). 
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a -chloromercurifuran  (IT)  precipitated  quite  rapidly,  though  more  slowly  than  In  the  previous  cases;  when  they 
were  boiled  with  alcohol  with  tie  addition  of  a  small  amount  of  hydrocMorlc  acid  they  decomposed,  forming 
the  substituted  furan  (III). 


C0II5-COII-C  — ^  CcHj-C - C-UgCI  — 

I  III  Jj  II 

Calls-CIIOII  C-C(CIl3)3  CoHj-C  C-C(CH3)j 

(I)  (II) 

CoHs-C - CH 

II  n 

C0II5-C  C-ClCIIa)., 

(HI) 

The  slower  reaction  of  glycol  (I)  with  mercuric  clilcride  with  formation  of  tlie  S -chloromercurifuran  (II) 
compared  to  the  glycols  previously  studied  can  evidently  be  explained  by  special  hindrance  of  the  tert-butyl 
group. 


EXPERIMENTAL 

Preparation  of  5,5- D  im  ethy  1  -  1 , 2  -  d  i  phen  yl  -  3 -he  x  y  n  - 1 ,2  -  diol  (I) 

To  a  freshly  prepared  solution  in  ether  of  lert-butyl-acetylenylmagnesium  bromide  prepared  as  usual  from 
14  g  of  magnesium  was  added  a  solution  of  25  g  of  benzoin  (half  quantity)  in  500  ml  of  anhydrous  benzene.  The 
remaining  25  g  of  benzoin  was  added  to  the  reaction  in  the  form  of  a  dry,  finely  ground  powder.  The  mixture 
was  heated  lor  two  hours  with  stirring  at  40*.  After  decomposition  of  the  magnesium  organic  complex  with  di¬ 
lute  hydrochloric  acid  and  drying  of  the  separated  benzene  layer,  the  solvent  was  distilled  off.  The  residue  quickly 
crystallized.  We  obtained  52  g  of  crude  product  and  from  it,after  two  crystallizations  from  a  mixture  of  benzene 
and  ligroin  (2;  3),  40  g  (SB’lc)  of  pure  substance  with  m.  p.  132-133*. 

From  the  mother  liquor  we  Isolated  3  g  of  a  substance  with  m.  p.  93-95*,  which,  to  judge  from  the  analysis, 
was  probably  an  Isomer  of  the  glycol  with  m.  p.  132-133*.  The  presence  of  two  isomers  was  caused  by  two  asym¬ 
metric  carbon  atoms  in  the  acetylene  a -glycol  (I).  Preparation  of  acetylenic  a-glycols  in  two  modifications 
was  noted  [2]  for  3-meihyl-5-pheny!-4-pcntyn-2,3-diol  [3],  and  also  for  3,5-dimethyl-l‘ hexyn-3,4-dlol  [6]. 

In  view  of  the  small  amount  of  the  substance  with  m.  p.  93-95*,  it  was  not  investigated  further. 

Analysis  of  the  glycol  with  m.  p.  132-133*: 

Found  <5t;  C  81.75,  81.48;  H  7.58,  7.60;  OH  11.22.  M  283.1.  C20H22O2.  Calculated  C  S1.G3; 

H  7.49;  OH  11.56.  M  294. 

Analysis  of  the  glycol  with  m.  p.  93-95*: 

Found  c  81.72,  81.48;  H  7.80,  7.51;  OH  11.16.  M  279.  C20H22O2.  Calculated  C  81.63;  H  7.49; 
OH  11.56.  M  294. 

Action  of  Mercuric  Chloride  on  5,5-Dlmethyl-l  .2-diphenyl-3-hexyn-l  .2-dlol* 

Experiment  1.  We  dissolved  5  g  of  glycol  (m.  p.  132-133*)  and  5.2  g  of  mercuric  chloride  (molar  ratio) 
separately  in  a  total  volume  of  50  ml  of  alcohol.  When  the  solutions  were  poured  together,  a  crystalline  pre¬ 
cipitate  began  to  appear  after  several  minutes,  and  the  entire  mass  quickly  solidified.  After  boiling  for  one  hour 
with  alcohol,  the  precipitate  dissolved.  The  solution  was  poured  into  500  ml  of  water  and  was  extracted  with 
benzene.  After  drying  with  sodium  sulfate  and  distillation  of  the  benr^ene  the  residue  crystallized.  We  obtained 
3.2  g  of  substance  with  m.  p.  68-69*  (from  ligroin).  The  substance  was  easily  soluble  in  ether  and  acetone, . 
poorly  so  in  methanol  and  ethanol,  decolorized  a  chloroform  solution  of  bromine  and  a  water  solution  of  potas¬ 
sium  permanganate  when  heated;  reactions  for  hydroxyl  and  carbonyl  groups  were  negative. 

•  In  distinction  from  the  previous  experiments  [3,  4]  the  reaction  of  the  glycol  with  mercuric  chloride  was  carried 
out  without  stirring. 
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Found  o}c:  C  36.89,  86.94;  H  7.40,  7.35,  M  269.8.  C20H2O  .  Calculated  C  86.96;  H  7.25.  M  276. 

On  the  basis  of  the  analytical  data  and  the  properties  of  the  substance  with  m.  p,  68-69*  it  must  be  con¬ 
sidered  to  be  the  2,3-dlphcnyl-5-tert-butylfuran  (II)  described  In  the  literature  [7].  Yield  68,2<)t, 

Experiment  2.  Considering  the  mechanism  of  formation  of  the  substituted  furans  [3],  we  repeated  experi¬ 
ment  1  with  the  same  amount  of  starting  substances,  but  with  the  addition  of  1  ml  of  concentrated  hydrochloric 
acid  for  more  rapid  decomposition  of  the  precipitate  which  first  precipitated.  We  obtained  3.5  g  (74,6')t)  of  tlic 
substituted  furan  with  m.  p,  68-69*. 

Experiment  3.  To  show  the  effect  of  molar  ratio  of  glycol  and  mercuric  chloride  on  the  yield  of  furan  wc 
carried  out  experiments  starling  with  5  g  of  glycol  and  1.3  g  of  mercuric  chloride.  We  obtained  3.2  g  (68,2‘)t) 
of  substituted  furan  (HI). 

Experiment  4.  To  show  the.  nature  of  the  Intermediate  product  obtained  in  the  reaction  of  the  acetylene 
a -glycol  with  mercuric  chloride,  5  g  of  the  glycol  and  5.2  g  of  mercuric  chloride  were  dissolved  In  a  total  volume 
of  50  ml  of  alcohol  and  poured  together.  The  crystalline  precipitate  after  standing  for  eight  hours  at  room  tem¬ 
perature  was  filtered  off  and  washed  with  30  ml  of  cold  alcohol.  We  obtained  7,5  g  of  colorless  crystals  with 
m.  p,  193-199*  (from  alcohol). 

Found‘d:  C  47.21,  47.08;  H  3.94,  3.93;  Hg  39.15,  39.12;  Cl  6.93,  6.88.  CjoHisOClHg.  Calculated  <51,; 

C  46.96;  H  3.72;  Hg  39.25;  Cl  6.95. 

When  this  substance  was  boiled  with  alcohol  with  the  addition  of  hydrochloric  acid  It  formed  2,3-diphenyl- 
5-tert-butylfuran,  It  did  not  contain  hydroxyl  or  carbonyl  groups.  Yield  86.3'7l!,  calculated  on  the  assumption 
that  the  substance  is  2,3-diphenyl-5-tert-butyl-4-chloromcrcurifuran  (II). 

A  ctlon  of  Mercuric  Sulfate  on  5 .5  -  D  im  ethyl  - 1 ,2  -  d  ipheny  1  -  3  -  he  x  y  n- 1 ,2  -  diol 

Five  g  of  glycol,  2,5  g  of  mercuric  sulfate,  50  ml  of  alcohol,  and  1  ml  of  concentrated  sulfuric  acid  were 
heated  for  one  hour  in  boiling  alcohol.  A  considerable  part  of  the  mercuric  sulfate  did  not  dissolve.  After  cool¬ 
ing,  the  precipitate  was  filtered  and  washed  with  benzene.  The  alcoholic  filtrate  was  diluted  with  300  ml  of 
water  and  extracted  with  benzene.  The  combined  benzene  solutions  were  washed  with  water  and  dried  with 
sodium  sulfate.  After  distillation  of  the  benzene  we  obtained  3.1  g  (66,2'7c)  of  the  substituted  furan  (Hi)  with 
m.  p.  68-69*. 

Hence,  by  the  action  of  mercuric  sulfate  on  5,5-dImetliyl-l,2-diphenyl-3-hexyn-l,2-diol  we  obtained 
2 ,3  -diphenyl  -5  -  tert-  butylfuran. 


SUMMARY 

1,  We  have  synthesized  the  undescribed  sym-diphenyl-tert-butylacetylcnylethylene  glycol  (5,5-dlmethyl- 
l,2-diphenyl-3-hexya-l,2-dlol)  and  studied  its  reactions  under  the  influence  of  mercuric  chloride  and  sulfaL  . 

2,  We  have  showed  that  this  glycol,  like  the  previously  studied  secondary-tertiary  a -glycols  with  phenyl- 
acetylenyl  residues,  easily  forms  a  substituted  furan,  2,3-diphcnyl-5-tert-butylfuran,in  the  presence  of  mercury 
salts. 


3,  We  have  isolated  the  previously  undescribed  intermediate  product  of  the  reaction  of  the  glycol  with 
mercuric  chloride,  the  substituted  8-chloromercurifuran,  2,3-diphenyl-5-tert-butyl-4-chloromercurifuran.  We 
have  showed  that  when  tltis  compound  is  heated  with  hydrochloric  acid  it  is  transformed  into  the  substituted 
furan  which  confirms  the  suggested  scheme  for  formation  of  furans  from  secondary-tertiary  a -glycols  of  the 
acetylene  series. 
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HETEROCYCLIC  COMPOUNDS 


SYNTHESIS  OF  TFIE  BENZOATES  OF 
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I.  N,  Nazarov,  A.  Sh.  Sharlfkanov,  and  S.  A.  Yusupov 
Kazakh  State  University 

Translated  from  Zhurnal  Obshchel  Khimii.  Vol,  39,  No,  11,  pp,  3608-3610, 
November,  1960 

Original  article  submitted  December  14,  1959 


In  a  previous  communication  [1]  the  esters  of  the  l-alkenyl-2,5-dimethyl-4-ethynyl-4-piperidol$  have 
been  described;  several  of  them  were  found  to  have  a  high  anesthetic  activity.  Tlie  present  work  deals  with 
the  synthesis  of  l-alkenyl-2,5-dimcthyi-4-vinyl-4-piperIdols  and  the  benzoates  of  their  y  -Isomers, 

The  l-alkenyl-2,5-dImcthyl-4-vinyl-4-piperidols  (II)  and  (III)  are  obtained  In  high  yields  (TS-S?*^)  from 
the  Individual  y-and  0-Isomers  of  2,5-dimethyl-4-vinyl-4-piperidol  (I)  [2]  by  the  action  of  the  corresponding 
halgcon  derivatives  of  allylic  type,  either  in  benzene  solution  [3],  or  in  1-butanol  or  ethanol  solution  In  the 
presence  of  potassium  carbonate  [4,  5], 


(’ll  _ 

1  1  IMlr  or 

1  1  f’li  Ulir  1  KjCO, 

1 

tj-c„ 

1 

1 

11 

1 

H 

(1)  (y  -  and  0-form) 

(11.  iiilCy  ■  and  0-form) 
(II)  u  =  cii,<:ii=^cii,. 

(Ill)  IJ  =CH,CH=CIICH,. 

For  the  purpose  of  pharmacological  studies,  the  benzoates  (IV)  and  (V)  were  synthesized  by  the  esterifica¬ 
tion  of  the  y -isomers  of  1-allyl-  and  l-crotyl-2,o-dimethyl  -4-vlnyl-4-piperldols  (II)  and  (III),  respectively, 
with  benzoyl  chloride  in  dry  pyridine. 

r,ii,-^nr.^^ococ«ii5  cii2=iic,^y)(:or.oii5 


1  1 

(  j-Cll3 

1 

CIIX1I=CI1, 

1 

Cll2CII=CIICll3 

(IV> 

<V) 

EXPERIMENTAL 

l-Allyl-2,5-dimethyl-4-vinyl-4-piperidol  (H),  a)  To  a  solution  of  the  y  -form  of  2,5-dlmethyl-4-vlnyl- 
4-piperidol  (m,  p,  125-126*)  [6]  (10  g)  in  80  ml  of  dry  benzene  heated  to  90*  on  a  water  bath  was  added,  dropwise 
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and  with  stirring,  a  solution  of  4.23  g  of  allyl  bromide  in  10  ml  of  anhydrous  benzene;  the  mixture  was  heated 
at  90-95*  for  3  hr  and  left  to  stand  overnight.  On  the  next  day,  heating  was  resumed  for  a  further  period  of  5  hr. 
The  hydrochloride  of  the  original  piperidol,  which  separated  out,  was  then  filtered  and  washed,  and  the  solution 
of  the  product  in  benzene  was  treated  with  15  ml  of  water  (to  remove  the  soluble  hydrobromide).  After  drying 
over  anhyfifous  potassium  carbonate,  tlic  benzene  was  distilled  off,  and  the  crystalline  residue  was  recrystalllzed 
from  benzine  (b.  p.  60-80*).  Yield:  5.37  g  of  the  y  -form  of  l-allyl-2.5-dimet}iyi-4-vInyl-4-plperIdol  (IT),  tn.  p. 
61-62*  (86Tt  based  on  the  piperidol  which  reacted). 

Found  <51.;  M  7.47,  7.57.  CcHjiON.  Calculated  t-.  N  7.17. 

The  hydrochloride  of  the  y  -form  of  the  piperidol  (II)  was  obtained  by  adding  an  ethereal  solution  of  dry 
hydrogen  chloride  to  an  alcoholic  solution  of  the  piperidol  and  recrystallizing  the  product  from  acetone.  Yield: 
0.38  g  of  the  hydrochloride,  m.  p.  146-147*,  from  0,4  g  of  the  piperidol. 

Found  Tt:  N  6.05,  6.03;  Cl  14.80,  15.10.  C^HejONCl.  Calculated*^:  N  6.04;  Cl  15.30. 

b)  To  a  mixture  of  10  g  of  the  y  -form  cf  2,5-dimcthyl-4-vinyl-4-pipcridol  (m,  p.  125-126*)  in  50  ml 
of  dry  1-butanol  and  17.7  g  of  powdered  anhydrous  potassium  carbonate  was  added,  at  80*,  dropwisc  and  with 
efficient  stirring,  a  solution  of  8.5  g  of  allyl  bromide  in  10  ml  of  dry  1-butanol.  The  reaction  mixture  was 
heated  at  70-75*  for  7  hr.  On  the  ricxt  day,  the  residue  (potassium  bromide  and  excess  of  potassium  carbonate) 
was  filtered  off  and  washed.  The  butanol  solution  was  distilled  to  dryness  on  a  water  bath  under  reduced  pressure 
(water  pump).  Recrystallization  from  benzine  of  the  residue  thus  obtained  gave  9.75  g  yield  based  on  the 
starting  piperidol)  of  the  y  -form  of  l-allyl-2,5-dimethyl-4-vinyl-4-pipcridol  (II),  m.  p.  61-62* 

c)  A  mixture  of  15.5  g  of  the  S-form  of  2,5-dimcthyl-4-vinyl-4-pipcridol  (m.  p.  82-83*)  [2]  and  7.5  g 
of  ali^l  bromide  in  80  ml  of  dry  benzene  was  heated  ai  80-85*,  with  stirring  for  5  hr.  On  the  next  day,  the 
hydrochloride  of  the  original  piperidol  (obtained  as  a  thick  mass)  was  removed  and  washed  with  benzene;  the 
benzene  solution  of  tl)c  reaction  product  was  treated  with  20  ml  of  water.  It  was  then  dried  over  anhydrous 
potassium  <'arbonatc,  the  solvent  distilled  off,  and  the  crystalline  residue  recrystalllzed  from  benzine  to  give 
5.5  g  of  tlic  0-form  of  1 -allyl -2,5-ditncthyl-4-vinyl-4-pipcridol  (II),  m.  p,  51-52*, 

Found  '7c:  N  7.21,  7.38.  C^llziON.  Calculated  *7^:  N  7.17. 

The  hydrochloride  of  tlic  0-fonn  of  the  piperidol  (II)  melts  at  166-167*  (from  alcohol).  Yield:  0.19  g 
from  0,20  g  of  tlic  piperidol. 

Found  <7^.:  Cl  15.12,  15.21.  C^llzzONCl.  Calculated  •%-.  Cl  15.30. 

l-Crotyl-2.5-dimethyl-4-vinyl-4-pipcrldol  (III),  a)  To  a  solution  of  20  g  of  tl)c  '/  -fonn  of  2,5-dImcthyl- 
4-vinyl-4-pipciidol  (m.  p.  125-126*)  in  280  ml  of  dry  benzene  at  60*  was  added,  dropwisc  and  with  stirring,  a 
solution  of  10.6  g  of  frcslily  distilled  primary  crotyl  bromide  (b.  p.  103*  at  704  mm,  i^®D  1.4805)  [7]  in  10  ml 
of  dry  benzene.  The  addition  took  30  min;  the  mixture  was  then  heated  at  55-60*  for  5  hr.  On  the  next  day 
the  hydrochloride  of  the  original  piperidol,  which  separated  out,  was  filtered  off  and  washed  with  benzene  and 
dry  ctlier.  The  benzene  and  ether  v/crc  distilled  off  and  the  residue  thus  obtained  was  recrystalllzed  from  ben¬ 
zine  (b,  p.  100-120*),  giving  11.7  g  of  the  y  -form  of  l-crotyl-2,5-dImcthyl-4-vinyl-4-plperIdol  (III),  m.  p, 
86-87*  (87.3'7:  yield  based  on  the  piperidol  which  reacted). 

Found  *7::  N  6.69,  6.84.  CijIijjON.  Calculated  <7t:  N  6.69. 

The  hydrochloride  of  the  y-form  of  piperidol  (III)  was  obtained  by  adding  a  solution  of  dry  hydrogen  chlo¬ 
ride  in  ether  to  an  alcoholic  solution  of  the  piperidol.  Yield,  from  0.50  g  of  the  starting  material:  0,47  g  of  the 
hydrochloride,  m.  p,  187-188*  (from  a  mixture  of  alcohol  and  ether). 

Found  '%z  Cl  14.22,  14.44,  CuHj^ONCl.  Calculated  'Tfe:  Cl  14.43. 

b)  To  a  mixture  of  5  g  of  the  5 -form  of  2,5-dimethyl -4- vinyl-4-piperIdol  (m.  p,  82-83*)  and  8.85  g  of 
anhydrous  potassium  carbonate  In  20  ml  of  absolute  alcohol  at  50*  was  added,  with  vigorous  stirring,  4,75  g  of 
freshly  disulled  primary  crotyl  bromide  (b.  p.  78*  at  90  mm,  n*°D  1.4805);  then  the  mixture  was  heated  at  55- 
60  for  6.5  hr.  After  cooling,  the  residue  (potassium  bromide  and  excess  of  potassium  carbonate)  was  filtered 
off  and  washed  with  dry  ether.  Following  the  removal  of  ether  and  alcohol  by  distillation,  the  crystalline  resi¬ 
due  was  recrystallized  from  petroleum  ether  (b.  p.  50-69*).  Yield:  5.5  g  (82.1'7t)  of  the  0-form  of  1-ciotyl- 
2,5-dImethyl-4-vinyl-4-piperidol  (III),  m,  p.  60-61*. 
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Found  ‘Jt:  N  6.62,  6.68.  C13H23ON.  Calculated  N  6.69. 

The  hydrochloride  of  the  fl-fonn  of  the  piperldol  (III)  was  obtained  by  the  addition  of  a  solution  of  dry 
hydrogen  chloride  In  ether  to  an  alcoholic  solution  of  the  piperldol  until  the  mixture  was  acid  to  Congo  red, 
followed  by  precipitation  of  the  hydrochloride  thus  formed  by  treatment  with  absolute  ether.  Yield,  from  0.5  g 
of  the  piperldol;  0.53  g  of  the  hydrochloride,  m.  p.  1‘14-146*  (from  alcohol  -  ether  mixture). 

Found  '7c;  N  5.68,  5.80;  Cl  14.46,  14.28.  CUH24ONCI.  Calculated  N  5.60;  Cl  14.43. 

Denzoatc  of  l-allyl-2.5-dimcthyl-4-vinyl-4-piperidol  (IV).  A  solution  of  1.95  g  of  the  y  -form  of  1-allyl- 
2,5-dlmcihyl-4-vInyl-4-pipcridol  (m.  p.  61-62*)  in  4  ml  of  dry  pyridine  was  treated  with  4.3  g  of  benzoyl  chlo¬ 
ride,  and  the  mixture  was  heated  on  a  glycerol  bath  at  100-105*  for  6  hr.  On  the  next  day  the  product  was  di¬ 
luted  with  dry  ether,  and  the  dark  brown  precipitate  which  separated  out  was  filtered  off  and  recrystallized,  first 
from  a  mixture  of  acetone  and  benzene,  and  then  from  acetone.  Yield;  1.87  g  (62.5‘7;)  of  the  hydrochloride  of 
the  benzoate  of  l-allyl-2,5-dimcihyl-4-vinyl-4-piperidol  (y  -form)  (IV),  obtained  as  fine  clusters  of  needle 
crystals,  m,  p,  155-157*. 

Found  ft;  N  4.16,  4.05;  Cl  10.64,  10.60.  C19H2CO2NCI.  Calculated  ‘7c:  N  4.17;  Cl  10.55. 

Denzoatc  of  l-crotyl-2,5-dimcthyl-4-vinyl-4-pipcridol  (V).  A  mixture  of  the  y  -form  of  l-crotyl-2,5- 
dimethyl-4-vinyl-4-pip>cridol  (m.  p.  86-87*)  (2.09  g)  and  benzoyl  chloride  (4.2  g)  in  5  ml  of  dry  pyridine 
was  heated  at  100-105*  for  6  hr,  then  cooled  and  diluted  with  dty  ether.  The  precipitate  thus  obtained  was  crys¬ 
tallized  successively  from  benzene  and  acetone.  Yield:  1.88  g  (  OO'Tj)  of  the  hydrocliloride  of  tlie  benzoate  of 
l-crotyl-2,5-dimethyl-4-vinyl-4-piperidol  (y  -form)  (V),  obtained  as  white  needle  crystals,  m.  p,  154-156*. 

Found  '7c;  N  4.03,  3,89;  Cl  10.03.  9.92.  C20H28O2NCI.  Calculated  <7::  N  4.00;  Cl  10.13. 

SUM  MARY 

1.  The  y  -  and  0 -isomers  of  1-allyl-  and  l'crotyl-2,5-dimethyl-4 -vinyl -4-piperldols  were  synthesized 
in  liigh  yields  (78-87'7c)  by  alkenylation  of  the  corresponding  y  -  and  6-Isomers  of  2,5-(jimethyl-4-vinyl-4- 
piperldol  with  allyl  bromide  or  croiyl  bromide,  either  in  benzene  solution  or  in  1 -butanol  and  ethanol  in  the 
presence  of  potassium  carbonate. 

2.  The  benzoates  of  the  y  -isomers  of  1-allyl-  and  l-crotyl-2,5-dimcthyl -4-vinyl -4-piperidols  thus  ob¬ 
tained  were  prepared  by  their  esterification  with  benzoyl  chloride. 
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The  present  work  Is  a  further  development  in  our  investigations  of  esters  of  acids  of  trlvalent  arsenic  [1], 

No  one  has  studied  the  esters  of  di-n-propylarsinous  acid.  We  syntnesized  ttese  esters  by  the  two  follow¬ 
ing  methods: 

a)  by  the  reaction  of  di-n-propyliodoatsine  with  sodium  alcoholates 

{t:jl;).\sl  HONa  (C3lI;).j.\sOn  f  Nnl 

b)  by  the  reaction  of  bis-di-n-propylarsine  oxide  with  appropriate  alcohols  and  glycols  at  an  elevated  tem¬ 
perature. 

2n()ll  2  '  ’\as— 01»  l-lljO 

Call, 

0-As  f  II2O 

I 

C3II7 

The  second  method  gave  the  best  yields.  The  reaction  of  di-n-propyliodoarsine  with  sodium  alcoholates 
was  complex  and  did  not  proceed  to  complction,and  therefore  the  esters  of  di-n-propylarsinous  acid  obtained 
were  impure. 

As  a  result  of  the  experiments,  we  obtained  the  esters  of  di-n-propylarsinous  acid  given  in  the  table. 

The  alkyl  esters  of  di-n-propylarsinous  acid  we  isolated  were  mobile,  colorless  liquids.  They  dissolved 
readily  in  many  organic  solvents  and  were  hydrolyzed  comparatively  readily.  Hydrolysis  of  the  esters  formed 
bis-dipropylarsine  oxide. 

IMC^IIjliAsOU-fliOil  — *►  2110114-1(03117)2^3)20 

The  esters  of  di-n-propylarsinous  acid  reacted  with  methyl  iodide  or  benzyl  bromide  in  a  sealed  tube  over 
a  long  period  to  form  crystalline  addition  products,  which  we  did  not  study  in  detail.  The  esters  also  reacted 
with  cuprous  salts  with  the  evolution  of  heat  and  the  formation  of  a  sirupy  product. 

We  then  established  that  when  a  mixture  of  acetic  anhydride  and  an  ester  of  di-n-propylarsinous  acids  was 
heated  a  reaction  occurred  to  form  the  corresponding  alkyl  ester  of  acetic  acid  and  the  acetyl  derivative  of 
di-n-propylarsinous  acid. 
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c,l|.  CII.I-CO  C3ll;v 

\\s-oii  ;  >o  —  >.\s-o-c-cii,  f  ciij-coon 

CJI;/  CIlj-CO  C3II;'  II 

o 

It  Is  interesting  to  note  that  the  bromination  of  the  ethylene  ester  of  di-n-propylarsinous  acid  resulted  in 
the  addition  of  exactly  two  molecules  of  bromine  to  one  molecule  of  ester.  The  addition  product  did  not  crys¬ 
tallize.  Its  hydrolysis  yielded  dl-n-propylbromoarsine. 
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We  were  unable  to  isolate  other  individual  substances. 

EXPERIMENTAL 

Preparation  of  bis-dl-n-propylarsinc  oxide.  A  mixture  of  96.6  g  of  di-n-propyliodoarsine  and  a  solution 
of  31.4  g  of  potassium  hydroxide  in  72  ml  of  water  was  shaken  repeatedly  in  a  separatory  funnel  for  3  hr.  The 
oxide  layer  was  then  separated,  washed  twice  with  water,  dried  over  calcium  chloride,  and  vacuum  distilled  In 
a  stream  of  nitrogen.  The  oxide  yield  was  93.4‘^, 

B.  p.  122-125*  (4  mm).  1.1750,  fi*®D  1.4985,  MR  84.43,  AR^j—  11*20.  Found  As  44.22. 
C|2ll28CAs2.  Calculated  As  44.30, 

nis-di-n-propylarsine  oxide  was  a  colorless  liquid  which  was  readily  oxidized  In  air. 

Preparation  of  ethyl  di-n-propylarsinite.  Into  a  three-necked  flask  with  a  stirrer,  a  reflux  condenser,  and 
dropping  funnel  was  placed  the  sodium  ctliylate  from  1,2  g  of  sodium  in  100  ml  of  absolute  ether;  a  solution  of 
15  g  of  di-n-propyliodoarsine  in  30  ml  of  dry  ether  was  added  dropwise  to  this  mixture  with  stirring.  The  reac¬ 
tion  mixture  was  then  stirred  first  at  room  temperature  and  then  on  a  water  bath  for  1  hr  and  left  overnight.  The 
next  day.  after  removal  of  the  solvent,  the  residual  mass  was  vacuum  distilled  with  a  pear  fractionating  column. 
12  cm  high.  After  two  distillations  the  substance  had  the  following  constants. 

B.  p.  74.5-75.5  (20  mm),  d^®4  1.0718,  rf®D  1.4621,  MR^  52.88,  AR^s...  11.00.  Found  As  36.36. 
CjHijOAs.  Calculated  '7c:  As  36.33. 

The  ester  isolated  was  a  colorless,  refracting  liquid. 

Preparation  of  n-propyl  di-n-propylarslnite.  Into  an  Arbuzov  flask  were  placed  10  g  of  bis-di-n-propyl- 
arsine  oxide  and  9  ml  of  anhydrous  n-propanol.  The  side-tube  of  the  flask  was  connected  to  a  small  holder  with 
baked  copper  sulfate.  The  flask  was  then  placed  in  a  position  for  refluxing  and  the  mixture  heated  at  80*  for 
2  hr.  The  holder  was  removed  and  the  mixture  vacuum  distilled.  Two  vacuum  distillations  gave  a  76.1  yield 
of  a  fraction  with  the  following  constants: 

B.  p.  83-84*  (13  mm),  d*®4  1,0469,  n?®D  1.4615,  MRp)  57.75,  ARAa***  11*25.  Found  As  33.95. 
C,H2iOAs,  Calculated  As  34.02. 

All  the  other  esters'of  di-n-propylarsinous  acid  were  obtained  analogously,with  the  difference  that  in  the 
case  of  higher  alcohols  the  mixture  was  heated  undei  slightly  reduced  pressure  without  water-abstracting  rea¬ 
gents.  Some  data  on  them  are  given  in  the  table. 

Preparation  of  phenyl  di-n-propylarsinite.  A  solution  of  5.8  g  of  dl-n-propylchloroanine  in  30  ml  of  edier 
was  added  dropwise  with  stirring  to  a  mixture  of  3.43  g  of  sodium  phenolatc  and  50  ml  of  diethyl  ether.  The 
contents  of  the  flask  were  then  heated  on  a  water  bath  for  2  hr.  The  next  day  the  solvent  was  removed  and  the 
residual  mass  vacuum  distilled.  Redistillation  yielded  2.5  g  (33.4<^)  of  a  colorless  liquid. 

B.  p.  136-137*  (11  mm),  c?®4  1.1559,  if®D  1.5332,  MRq  68.27,  ARaj...  11.51.  Found  As  29.26. 
C12H29OAS.  Calculated  <7c:  As  29.47. 
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Reaction  of  n-hexyl  dl-n-propylarslnlte  with 
acetic  anhydride.  Into  an  Arbuzov  flask  set  up  for 
for  distillation  were  placed  6.7  g  of  n-hcxyl  di-n- 
propylarsinite  and  4.0  g  of  acetic  anhydride.  No 
temperature  changes  were  observed  when  the  rea¬ 
gents  were  mixed.  The  mixture  was  heated  for 
3  hr  until  the  odor  of  acetate  appeared.  Distilla¬ 
tion  yielded  the  following  fractions:  1st  with  b.  p. 
65-72*  (18  mm)  and  2nd  with  b.  p.  101*  (17  mm). 

Redistillation  of  the  first  fraction  yielded  a 
substance  with  b.  p.  169-169.5,  1.14100, 

which  corresponds  to  n-hexyl  acetate. 

We  obtained  5.0  g  (89.6'7e)  of  the  second 
fraction. 

B.  p.  101*  (17  mm),  1.1408.  rf®D  1.4680, 
MRq  53,54,  ARy^j...  11,64.  Found  As  33.30. 
CsHx702As.  Calculated  As  33.65, 

The  acetyl  derivative  of  di-n-propylaninous 
acid  was  a  colorless  liquid,  which  was  readily  hy¬ 
drolyzed. 

Brominatlon  of  ethylene  dl-n-propylarslnlte. 
With  good  external  cooling,  5  ml  of  bromine  in 
50  ml  of  carbon  tetrachloride  was  added  dropwise 
to  15.8  g  of  ethylene  di-n-propylarsinitc  in  50  ml 
of  carbon  tetrachloride.  A  large  amount  of  heat 
was  liberated  during  the  reaction.  The  solution 
was  pale  yellow  wljcn  the  calculated  amount  of 
bromine  had  been  added.  Tl»e  next  day  tlte  sol¬ 
vent  was  removed  by  filtration  in  vacuum. and  the 
residual  thick  mass  did  not  crystallize  on  long 
standing.  Pyrolysis  of  tills  nr.ass  yielded  a  fraction 
with  b.  p.  199-209*.  Redistillation  of  this  fraction 
yielded  a  substance  with  b.  p.  79*  (11  mm)  and 
ri*®D  1.5515. 

Found  As  30.89.  Cr,lIi4AsBr.  Calculated 
As  31.04. 

Synthesis  from  bls-di-n-propylarsine  oxide 
and  hydrogen  bromide  yielded  di-n-propylbromo- 
arsine,  which  boiled  at  79*  (11  mm)  and  had  n**D 
1.5301. 

Thus,  we  were  able  to  isolate  only  di-n- 
propylbromoarslnc  as  a  result  of  pyrolysis  of  the 
.  brominatlon  product  of  ethylene  di-n-propyl- 
arsinite.  We  were  unable  to  Isolate  other  individ¬ 
ual  substances. 

SUMMARY 

1,  The  ethyl,  n-propyl,  n-butyl,  isobutyl, 
n-hexyl,  n-nonyl,  phenyl,  and  ethylene  esters  of 
di-n-propylarsinous  acid  were  prepared  and  studied 
for  the  first  time. 


3581 


2.  It  was  established  that  alkyl  esters  of  dl-n-propylarsinous  acid  react  with  alkyl  halides  to  form  onlum 
compounds. 

3.  The  esters  isolated  reacted  with  acetic  anhydride  to  form  the  corresponding  acetate  and  the  acetyl 
derivative  of  di-n-propylarslnous  acid. 

4.  It  was  established  that  in  the  bromination  of  ethylene  di-n-propylarsinite,  two  molecules  of  bromine 
are  added  to  one  molecule  of  ester.  From  the  pyrolysis  products  of  bromlnatcd  ethylene  dl-n-propylarslnlte  we 
were  able  to  isolate  di-n-propylbromoarsine. 
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B.  M.  Mikhailov  and  A.  N.  Blokhina 

Institute  of  Organic  Chemistry,  Academy  Sciences  of  the  USSR 
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Original  article  submitted  December  26,  1959 


Shchegoleva  and  one  of  us  [1]  found  that  triisobutylboron  reacts  with  ailyltrimcthylsilane  or  allyltrichloro- 
sllane  with  heating  to  form  tri-(3-trimethylsIlylpropyl)-boron  and  iri-(3-trIchlorosIly!propyl)-boron,  respectively. 

To  prepare  organoborosilieon  compounds  containing  boron  and  silicon  atoms  at  neighboring  carben  atoms 
and  study  their  chemical  properties,  we  synthesized  this  type  of  compounds  by  "transalkylation*  of  triisobutyl¬ 
boron  with  vinyl  derivatives  of  silicon.  Heating  a  mixture  of  1  mole  of  triisobutylboron  and  3  moles  of  vlnyl- 
methyldicthylsllane  at  130-140*  for  6  hr  gave  a  63'^e  yield  of  tri-(2-methyldIethylsilylethyl)-boron  (I). 

:ic:n2-=ciisiCM3(C2ii5)2  +  ( 150-04119)311  niciijCHoSiCiiaCCziUais 

(I) 

The  substance  obtained  was  assigned  the  given  structure  on  the  basis  of  the  data  of  Brown  and  Rao[2],  who 
showed  that  the  reaction  of  trialkylborons  and  higher  olefins  forms  higher  trial kylborons  with  primary  hydrocarbon 
radicals. 

It  Is  Interesting  that  by  the  action  of  sodium  borohydride  and  aluminum  chloride  on  vinyltrimethylsllane. 
Seyferth  [3]  obtained  a  mixture  of  the  two  possible  iscmers  [(CH3)3SiCn2CH2]3B  and  [(CHj)3SiCH(CH3)]3B,  from 
which  he  was  unable  to  Isolate  Individual  compounds. 

Like  trialkylborons  [4J,  trl-(2-metliyldlethylsilylethyl)-boron  reacted  smoothly  with  n-butyl  mercaptan 
to  form  the  n-butyl  ester  of  dI-(2-methyldiethylsllylethyl)-thioboric  acid  (II)  and  methyl triethylsilane. 


I(C2lIs)2Cn3SiCn2Cll2l2TlSC4HjrQ.  I(C2n5)Cll3SiCH2CH2l2UOII 
(II)  (HI) 

The  ester  (II)  reacted  with  water  in  the  cold  to  form  dI-(2-methyldIethylsllylethyl)-borIc  acid  (ID),  which 
could  be  vacuum  dlstilled,in  contrast  to  dialkylboric  acids.  The  action  of  methanol  on  the  ester  (II)  formed  not 
only  the  expected  methyl  ester  of  di-(2-methyldlethylsllylcthyl)-boiic  acid  (IV),  but  also  the  dimethyl  ester  of 
2-methyldicthylsilylethylborlc  acid  (V). 


I(C2n5)2Cii3Sicn2ii2Bon, 

(IV) 

where  r  =  ch,  (iv).  n-c.H,  (vi) 


(C2n5)jCii3SiCii2CH2B(on)j. 


(V) 

where  r  =  ch,  (v),  n-c«H,  (Vii) 


•  For  LIX-LX,  see  izvest.  Akad.  Nauk  SSSR.  (5tdel.  Khim,  Nauk.  1880  and  1891  (1960)  and  for  LXI  see  Doklady 
Akad.  Nauk  SSSR  133, 119  (I960). 
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The  reaction  of  the  ester  (II)  with  n-butanol  was  analogous  and  formed  the  n-butyl  ester  of  dl“(2-methyl- 
dlethylsilylethyl)-borIc  acid  (VI)  and  the  dl-n-butyl  ester  of  2-methyidIethylsilylethylborIc  acid  (VII). 

It  might  have  been  considered  that  the  esters  of  2-methyldlethylsilylethylborlc  add  (V)  and  (VII)  were 
formed  as  a  result  of  the  action  of  excess  alcohol  on  the  primary  reaction  products,  namely  the  esters  of  dl- 
(2-methyldlcthylsllylethyl)-borlc  acid  (IV)  and  (VI),  However.  It  was  found  that  the  esters  (IV)  and  (VI)  were 
not  converted  into  esters  of  2-methyldlethylsilylethylborlc  acid  by  boiling  with  alcohols.  The  formation  of  the 
esters  (V)  and  (VII)  evidently  may  be  explained  by  the  fact  that  the  complexes  of  esters  and  alcohols  (VIII) 
formed  in  the  first  stage  of  the  reaction  not  only  lose  mercaptan  with  the  formation  of  esters  of  dI-(2-methyl- 
diethylsIlylethyl)-horIc  acid,  but  also  undergo  decomposition  at  the  boron- carbon,  thereby  forming  methyl- 
triethylsllane  and  mixed  esters  of  2-methyldIethylsllylethylborlc  acid  (IX).  The  latter  are  then  converted  to  the 
esters  (V)  and  (VII)  under  the  action  of  excess  alcohol. 


/SC4ll» 

l(C,ii5)2cn3Sicn2C!i,!2-iv  n 

'VIII)  I  \|| 


*  *  /SC4II9 

;  c,ii,,sii  (Cjiiii-^ciiaSiciixCiijUc;'  i-  (C2iir.)3Si(:iin 

(IX)  ^on 


non 


/)n 


ir,2ib,)..cii  ,sir.ii2r.n2n<f  nsii 
\on 

where  —  cii>:  n-c,ii,. 


We  then  studied  the  reaction  between  triisobutylhcron  and  vinylmethyldiethoxysllane.  Heating  the  com¬ 
ponents  at  liO-l'lS*  for  G  hr  yielded  Isobutylene  ( 76‘5fc  cf  the  theoretical  amount)  and  a  complex  mixture  of 
products  from  which  tri-(2-methyldicthoxysIlylethyl)-boron  (X)  was  isolated  by  fractional  distillation. 

|(;iio(;ii2Sir,ii;,(0(:ji:,);|;,ii;  ir.iijCiiaSiicii  ,)ri,i.,n 
(X)  (XI) 

The  reaction  between  triisobutylboron  and  vinylmethyldichlorosilane  was  also  complex  and  gave  a  25‘)t 
yield  of  ui-(2-mcthyldichlorosilylethyl)-boron  (XI), 

EXPERIMENTAL 

1.  Vinylmcthyldletliylsilane.  This  compound  was  obtained  by  the  method  used  for  syntliesizlng  vlnyl- 
triethylsllanc  [5],  A  solution  of  100  g  of  vinylmethyldichlorosilane  in  300  ml  of  ether  was  added  with  stirring 
to  the  Grignard  reagent  from  36  g  of  magnesium,  164  g  of  ethyl  bromide,  and  600  ml  of  ether.  When  all  the 
silane  had  been  added,  the  mixture  was  boiled  for  6  hr  and  then  decomposed  with  saturated  ammonium  chloride 
solution  and  the  ether  layer  dried  with  calcium  chloride.  After  removal  of  the  ether,  the  residue  was  distilled 
on  a  column.  The  yield  was  56  g  (62*^)  and  the  b,  p.  was  120-122*  at  737  mm. 

According  to  literature  data,  vlnylmethyldiethylsilane  obtained  by  the  action  of  potassium  hydroxide  on 
a-chloroeihylmethyldiethylsilane  has  b.  p.  118*  at  734  mm  [6]. 

2.  Vinylmethyldlethoxysilane.  This  compound  was  prepared  analogously  to  vinylmethyldimethoxysilane 
[7],  A  mixture  of  16  ml  of  pyridine  and  23  ml  (0,5  mole)  of  anhydrous  alcohol  was  added  dropwise  with  cooling 
to  a  mixture  of  28,2  g  (0,2  mole)  of  vinylmethyldichlorosilane.  20  ml  of  isopentane,  and  16  ml  of  dry  pyridine, 
and  then  the  reaction  mixture  was  heated  for  30  min,  the  pyridine  hydrochloride  precipitate  removed  by  filtra¬ 
tion,  the  solvent  distilled  from  the  filtrate,  and  the  residue  fractionated.  The  yield  was  9  g  (27*)^)  and  the  b,  p. 
was  51-55*  at  34  mm. 

According  to  literature  data,  vinylmethyldiethoxysllane  obtained  by  the  action  of  methylmagneslum  bro¬ 
mide  on  vinyltriethoxysilane  has  b.  p.  133-134*  [8], 
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3.  Trl-(2-methyldlethylsUyletliyl)-boron  (I),  A  mixture  of  49  g  (0.27  mole)  of  trllsobutylboron  and  95  g 
(0.74  mole)  of  methyldiethylvinylsllane  was  heated  at  130-140*  for  6  hi;  and  then  the  reaction  productt  were 
fractionated.  The  yield  was  60.9  g  (62.7‘^s), 

B.  p.  182-184*  at  2  mm,  dF®^  0.8462,  ii*®D  1.4632,  Found  C  63.01,  63.00;  H  12.95,  12.93. 

Calculated  ojcz  C  63.31;  H  12.90. 

We  obtained  32  g  (78<)fc)  of  butylene  during  the  experiment, 

4.  n-Dutyl  ester  of  di-(2-methyldiethylsllylethyl)-thioborlc  acid  (11),  A  20-ml  sample  (0,16  mole)  of 
n-butyl  mercaptan  was  added  dropwise  with  stirring  to  65,4  g  (0,16)  I'f  tii-(2-methyldiethylsIlylethyl)-boron, 
when  strong  heat  evolution  was  observed.  The  mixture  was  boiled  for  2  h^and  then  the  reaction  products  were 
fractionated.  The  yield  was  48,7  g  (82.87e). 

B.  p.  163-166*  at  0.5  mm,  dF®^  0.8767,  n*®D  1.4821.  Found  C  59.36,  69.61;  H  11.78,  11.86;  B  3,60, 
3.52.  CigHisSBSIj.  Calculated  C  60.31;  H  12.09;  B  3,01, 

During  the  experiment  we  obtained  19,9  g  (947c)  of  methyltrlethylsilane  with  b.  p,  122-128* , 

5.  Di-(2-methyldiethylsilylethyl)-boric  acid  (III).  The  n-butyl  ester  of  dI-(2-methyldIethylsilylethyl)- 
thloboric  acid  (8.5  g,  0.237  mole)  was  shaken  with  water  In  a  separatory  funnel.  Heat  was  evolved.  The  reac¬ 
tion  mixture  was  then  extracted  with  ethyl  ether  and  the  ether  extract  dried  with  sodium  sulfate.  The  ether 
and  mercaptan  were  removed  by  distillation  and  the  residue  dried  In  vacuum  to  constant  weight.  The  yield 
was  6.3  g  (947:), 

B.  p.  152-160*  at  0.01  mm.  if®D  1.4608,  tf®4  0.8813.  Found  C  58.81,  58.89;  H  12.17,  11.91, 
Ci^IljsOBSiz.  Calculated  C  58.74;  H  12.33. 

The  substance  did  not  change  during  vacuum  distillation.  It  was  a  thick,  colorless  liquid  with  the  odor 
of  camphor. 

6.  Methyl  ester  of  di-(2-methyldiethylsilylethyl)-boric  acid  (IV)  and  dimethyl  ester  of  2-methyldiethyl- 
silylcthylboric  acid  (V).  To  10.2  g  (0.028  mole)  of  the  n-butyl  ester  of  di-(2-methyldiethylsilylethyl)-thIoborIc 
acid  (b.  p.  163-166*  at  0.5  mm)  was  added  5  ml  (0,125  mole)  of  anhydrous  methanol,  when  heat  was  evolved. 
Fractional  distillation  of  the  reaction  mixture  yielded; 

1)  1*7  g  (307)  of  the  dimethyl  ester  of  2'methyidiethylsllylethylborlc  acid. 

B.  p.  71-72*  at  1.5  mm,  d*^^  0.8741,  n^®D  1.4335.  Found  7;  C  53.28,  53.30;  H  11.52,  11.58;  B  5.38. 
CjHzsOjBSi.  Calculated  7c;  C  53.49;  H  11.47;  B  5.35. 

2)  4.1  g  (487c)  of  the  methyl  ester  of  dl-(2-methyldiethylsilylethyl)-boric  acid, 

B.  p.  160-151*  at  3.5  mm,  0.8447,  r^®D  1.4558.  Found  7;  C  60.12,  60.20;  H  12.60,  12.51;  B  3.57. 
CigHasOBSii.  Calculated  7:  C  59.99;  H  12.42;  B  3.60. 

In  addition,  n-butyl  mercaptan  and  methyltriethylsilane  were  obtained  during  the  experiment. 

7.  n-Butyl  ester  of  di-(2-methyldiethylsilylethyl)-borlc  acid  (VI)  and  di-n-butyl  ester  of  2-methyldl- 
ethylsilylethylboric  acid  (VII).  n-Butanol  (11  ml,  0,014  mole)  was  added  dropwise  from  a  dropping  funnel  to 
the  n-butyl  ester  of  di-(2-methyldIethylsilylethyl)-ihioboric  acid  (9.1  g,  0,025  mole),  when  heat  was  evolved. 
The  mixture  was  tlien  boiled  for  2  hr.  Fractional  distillation  of  the  reaction  products  yielded: 

1)  2.6  g  of  n-butyl  mercaptan  with  b,  p,  95-104*. 

2)  2.1  g  of  methyltriethylsilane  with  b.  p,  120-126*. 

3)  The  n-butyl  ester  of  di-(2-methyldiethylsilylethyl)-boric  acid. 

B.  p.  163-166*  at  3.5  mm.  i?®4  0.8625.  n*®D  1.4538.  Found  7:  C  62,72,  62.98;  H  12.45,  12.71;  B  3.66, 
3.50.  C„H430BSi2.  Calculated  7:  C  63.16;  H  12.66;  B  3.16. 

4)  The  di-n-butyl  ester  of  2-methyldlethylsilylethylboric  acid, 

B.  p.  150-154*  at  5,5  mm,  n*®D  1.4375.  Found  7;  C  62.68,  68.72;  H  12.11, 12.22;  B  4.23,  4.25. 
C15H35O2BSI.  Calculated  7:  C  62.93;  H  12.33;  B  3.78. 
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As  the  esters  obtained  have  very  similar  boiling  points,  they  could  only  be  separated  by  repeated  fractional 
distillation ,and  therefore  their  yields  were  not  determined. 

8.  Trl-(2-methyldlethoxysilylethyl)-boron  (X).  Over  a  period  of  5  hr,  15.3  g  (0.094  mole)  of  vlnylmethyl- 
dlethoxysilane  was  added  dropwlse  to  6  g  (0,0C3  mole)  of  trllsobutylboron  at  140-145*.  The  reaction  products 
were  then  fractionated.  The  yield  was  3.4  g  (21.4'^), 

B.  p.  115-118’  at  0.01  mm,  0.9409,  i^®D  1.4270.  Found  C  49.90,  49.70;  H  10.36,  10.34. 
CiiHsiOgBSij.  Calculated  <%;  C  51.01;  H  10.34. 

We  obtained  4  g  (77'7c)  of  butylene  during  the  experiment. 

9.  Trl-(2-methyldtchlorosilylethyl)-boron  (Xl).  Over  a  period  of  5.  hr,  20  g  (0.014  mole)  of  vinylmethyl- 
dlchlorosilane  was  added  dropwlse  to  8.6  g  (0.047  mole)  of  trllsobutylboron  at  140-145*.  Fractional  dlsdllatloa 
yielded  5.1  g  (25'%)  of  product  with  b.  p.  127-130*  at  0.05  mm  (dccomp.). 

Found  C  22.91,  22.62;  H  4.81.  4.85.  CgHjiCl^BSI,.  Calculated  <%:  C  24.71;  H  4.80. 

We  obtained  6  g  of  butylene  during  the  experiment. 

SUMMARY 

1.  Heating  vlnylmeihyldiethylsilane  with  trllsobutylboron  yielded  ui-(2'methyldIethylsiIylethyl)-boron. 

2.  Tri-(2-methyldlethylsilylethyl)-boron  reacted  with  n-butyl  mercaptan  to  form  the  n-butyl  ester  of 
di-(2-mcthyldlethylsIlylethyl)-thioboric  acid. 

3.  The  n-butyl  ester  of  dI-(2-methyldiethylsIlylethyl)-thioborlc  acid  was  converted  to  di-(2-methyldIethyl- 
sllyletliyl)-boric  acid  by  the  action  of  water. 

4.  TIkj  n-butyl  ester  of  di-(2-methyldicthylsllylethyi)thioboric  acid  formed  a  mixture  of  esters  of  dl-(2- 
methyldicthyIsIlylcthyl)-borlc  and  2-methyldiethylsilylethylboric  acids  when  treated  with  alcohols. 

5.  Heating  tiiisobutylboron  with  vinylmethyldlethoxysilane  and  vlnylmethyldlchlorosiiane  yielded  trl- 
(2-mcthyldlethoxysilylethyl)-boron  and  tri-(2-methyldlchlorosllylethyl)-boron,  respectively. 

LITERATURE  CIl  ED 

1.  B.  M.  Mikhailov  and  T.  A.  Shchegoleva,  Izvestiya  Akad.  Nauk  SSSR.  Otdel.  Khim.  Nauk  546  (1959). 

2.  H.  Brown  and  B.  Subba-Rao,  J.  Crg.  Ch.  22,  1137  (1957). 

3.  D.  Seyferth,  J.  Inorg.  Nucl.  Chem.  Tj  152  (1958);  J.  Am.  Chem.  Soc.  81,  1844  (1958). 

4.  B.  M.  Mikhailov,  V.  A.  Vaver,  and  Yu.  N.  Bubnov,  Doklady  Akad.  Nauk  SSSR  126,  575  (1959). 

5.  R.  Nagel  and  H.  Post,  J.  Org.  Ch.  17,  1379  (1952). 

6.  L.  Sommer,  D.  Dailey,  G.  Goldberg,  C,  Buck,  T.  Byl,  F,  Evans,  and  F.  Whitmore,  J.  Am.  Chem.  Soc.  76, 

1613  (1954). 

7.  R.  Nagel.  C.  Tamborskl,  and  H.  Past.  J.  Org.  Ch.  16,  1768  (1951);  M.  Cohen  and  J.  Lodd,  J.  Am.  Chem. 

Soc.  75^,  988  (1953). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  thia  peri¬ 
odical  literature  may  well  be  available  in  Engliah  translation.  A  complete  list  of  the  covers to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3586 


ORGANOBORON  COMPOUNDS 

LXIIL  REACTIONS  OF  ALKYLTillOBORIC  ESTERS  WITH  AMINES 

B.  M.  Mikhailov  and  T.  K.  Kozminskaya 

Institute  of  Organic  Chemistry,  Academy  of  Sciences  of  the  USSR 
Translated  from  Zhurnal  Obshchel  Khlmli,  Vol,  30,  No.  11,  pp.  3619-3624, 
November,  1960 

Original  article  submitted  January  3,  1960 


We  found  previously  [1]  that  alkylthloboric  esters  react  with  ammonia  to  form  B-trlalkyl  derivatives  of 
borazole  and  are  converted  to  alkylborodiazoHdines  by  the  action  of  ethyicnedlamlne.  In  continuing  the  study 
of  the  reactivity  of  alkylthloboric  esters,  we  Investigated  their  behavior  toward  amines. 

It  was  found  that  both  alkylihlo  groups  were  replaced  by  alkylamino  groups  by  tire  action  of  two  moles  of 
primary  aliphatic  amines  on  alkylthloboric  esters  to  form  N-alkyl  alkylborodlamlnes  (I)  according  to  the  follow¬ 
ing  equation: 

ni5(SC,lh,)2  -i  2M2MI'  -►  n  ^  2  n-C,ll.,SII. 

(t> 

K  n-r:,ii..  n-<:,ii„  iso-n,!!,.:  it'  =r:,ii,.  n-c,ii,. 

The  reaction  proceeded  tluough  the  formation  of  complex  compounds  of  the  amines  with  the  esters  (II), 
as  was  Indicated  by  the  fact  that  mixing  the  reagents  at  —30*  in  Isopentane  formed  a  precipitate  which  gradually 
disappeared. 

As  a  result  of  the  elimination  of  a  proton  from  the  nitrogen  atom  and  the  anion  of  the  alkylihio  group 
from  tlie  boron  atom,  complex  compounds  (II)  were  converted  Into  the  amino  thioesters  (HO.  which.  In  their 
turn,  formed  tlie  complexes  (IV)  tiiat  decomposed  to  a  mercaptan  and  the  final  reaction  product  (I), 


ii.Nir  .  -CM.sif  n,NH' 

15 - l’•l5(Sb«Ilv)2 - *  ni5(^  - • 


rii)  (III) 

-c:,ii..sii 

-  -J*  r— *  HH(Nlllt'). 

]  Nlllt' 

Nlljll' 

(IV>‘ 


The  reaction  of  equlmolecular  amounts  of  an  alkylthloboric  ester  and  a  primary  amine  apparently  formed 
a  mixture  of  an  N-alkyl  alhylborodiamine  (I),  an  amino  thiocster  (III),  and  the  starting  thioester,  which  we  were 
unable  to  separate. 


Alkylthioboric  esters  behaved  differently  with  secondary  aliphatic  amines  (diethylamine).  In  this  case, 
only  one  alk.yltliio  group  was  replaced  by  an  alkylamino  residue  with  the  formation  of  organoboron  compounds 
of  a  type  that  was  previously  unknown,  namely  alkyldialkylaminothioborlc  esters  (V). 
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/SC4II, 

Hn(SC4n.,)2 -f- — *  nncsc^HB)^  — *  nB<'  4-  n-r.4ii„sii 

NII(C,,ll5)i 

H  r=  n-c.Hi.  n  -c.ii,.  iso  c.  11,.  iso-c»ii„.  (V> 

This  reac:Ion  proceeded  smoothly  when  equimolecular  amounts  of  the  reagents  were  mixed  in  the  cold. 
The  second  alkylthio  group  could  not  be  replaced  even  by  prolonged  boiling  of  a  mixture  of  alkylthioboric  ester 
with  excess  dlethylamine. 

Alkyldlethylaminothloboric  esters  (V),  which  were  stable  toward  dlethylamine.  were  able  to  react  with 
ethylamine.and  when  excess  amine  was  used  both  the  alkylthio  and  the  diethylamino  groups  were  replaced  by 
an  ethylamino  group  to  form  N -ethyl  derivatives  of  an  alkylborodiamine, 

/S(:,lla 

mi/  :  —  nn(NIIC..ll5)i  hn-C^lfftSII  4-  UNCCilfs)-, 

u  =  n-(Mii.  iso-c.ii„. 

The  different  behavior  of  alkyldiethylaminoihioboric  esters  (V)  toward  ethylamine  and  dlethylamine  it 
apparently  connected  with  the  fact  that  ethylamine  Is  capable  of  reacting  with  the  esters  (V)  to  form  the  com¬ 
plex  compounds  (VI),  while  dlethylamine  does  not  have  this  property, 

.SC4lla 

nij/ 

I^NCCjIl,.). 

NllXJIs 

(VI) 

Brown  [2]  showed  that  ethylamine  shows  a  greater  complex-forming  capacity  than  dlethylamine  toward 
organoboron  compounds.  Thus,  for  example,  ethylamine  gives  a  molecular  compound  with  tri-tert-butyiboron, 
while  dlethylamine  forms  no  such  compound. 

The  transamination  reaction  we  observed  during  the  reaction  of  ethylamine  and  alkyldiethylaminothio- 
boric  esters  (V)  also  cccured  during  the  action  of  ethylamine  on  isoamyldi(diethylamino)boron  so  that  isoamyl- 
d;(ethylamino)boron  (VII)  was  formed, 

iso-(:ill,,|N(CJI.),l,  4-  2li,NC,Il5  -►  Iso-Coll„l){NllC  JIs),  -f  21IN(C,Il5)j 

(VII) 

This  reaction  evidently  occurs  because  the  intermediate  complex  compound  (VIII)  undergoes  tlie  series  of 
ineversible  conversions  shown  in  the  scheme  below. 


I  (VIII)  \NHC2H5 

NII2C4I5 


iso'C5ll|]ll 


N(C,ll5), 


I  ^NlICjlI, 

NlljCsIls 


(VII)  f  HNfCjHs). 


We  then  found  that  the  action  of  aniline  on  N-alkyl  alkylborodiamines  yielded  N-phenyl  alkylborodl- 
amines. 

This  reaction  was  carried  out  by  heating  the  components  and  distilling  the  aliphatic  amines  formed  from 
the  reaction  mixture.  In  this  way,  n-propyldi-(phenylamino)boron  and  isoamyldi(phenylamino)boroo  were  syn¬ 
thesized  from  n-propyldi(butylamino)boron  and  isoamyldi(butylamino)boron,  respectively,  and  aniline. 

RD(NHC4H9)2  4-  2C8HiNH2  -♦  HBlNllCells)*  4-  2HJNC4H, 

R  =  n  iso-ruiii* 
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EXPERIMENTAL 


All  operations  with  organoboron  compounds  were  carried  out  in  a  nitrogen  atmosphere. 

1.  Isobutylboron  dibromide.  Isobutylboron  dIbromIde  was  synthcalzed  by  the  method  we  described  pre¬ 
viously  [3],  From  23.4  g  of  isobuiylboric  anhydride  and  45  g  of  boron  tribromide  In  n-hexane  we  obtained  26,4  g 
(41,6<5t)  of  Isobutylboron  dibromide. 

B.  p.  .‘>4-54.5’  (44  mm).  n*®D  1.4670,  1.572.  Found  <1c:  C  19.86;  H  4.00;  B  4.49;  Br  70.01.  C4H9BBr,. 

Calculated  <%:  C  21.10;  H  3.98;  B  4.75;  Br  70.17. 

2.  Di-n-butyl  Isobutylthloborate.  We  synthesized  this  compound  by  the  method  described  previously  [1]. 
From  15.7  g  of  isobutylboron  dibromide  and  15.8  g  n-butyl  mercaptan  wc  obtained  12.3  g  (72.8*^)  of  di-n-butyl 
Isobutylthloborate. 

B.  p.  108-110*  (1  mm).  rf®D  1.4919.  \  0.9020.  Literature  data  [4];  b.  p.  142*  (3.5  mm),  n*®D  1.4919, 

<f\  0.9020. 

3.  n-PropyIdi(n-butylamino)boron.  a)  A  mixture  of  15.6  g  of  dl-n-butyl  n -propyl thioborate  and  13.3  g 
of  n-butylamine  was  boiled  for  3  hr.  After  removal  of  the  n-butyl  mercaptan  and  excess  amine,  the  residue  was 
distilled  twice.  We  obtained  10,7  g  (75.7*70)  of  n-propyldi(n-butylamino)boron, 

B.  p.  110-111*  (11  mm).  if®D  1.4381,  0.8041.  Found  C  66.43,  66.20;  H  13.65,  13.74;  B  5.07, 

5.05.  C11H27BN2.  Calculated  C  66.62;  H  13.74;  B  5.46. 

b)  n-Propyldi(n-butylamino)boron  was  also  obtained  by  the  action  of  n-butylamiiie  on  n-propylboron 
dichloridc.  Under  tlxi  conditions  described  previously  [5],  from  19.7  g  of  n-propylboron  dichloride  and  55.4  g 
of  n-butylamine  In  n-hexane  we  obtained  3.2  g  (I0'7c)  of  n-propyldi(n-butylamino)boron  with  b.  p.  96.5-98* 

(C  mm).  n*®D  1.4381. 

4.  n-nutyldl(cthylamino)bofon.  To  a  mixture  of  10.6  g  of  dibutyl  n-butylthioborate  and  10  ml  of  iso¬ 
pentane,  cooled  to  -30*.  was  added  20  ml  of  ethylamine.  A  precipitate  v/as  formed.and  this  disappeared  when 
the  reaction  mixture  was  kept  at  0*.  On  the  following  day,  the  solvent,  excess  amine,  and  n-butyl  mercaptan 
were  distilled  from  the  reaction  mixture  and  the  residue  was  vacuum  distilled.  We  obtained  5.4  g  of  n-buiyidi- 
(ethylamino)boron  (80.3'7c)  with  b.  p.  74*  (14  mm),  n*®D  1,4308,  di*®^  0,7990. 

The  substance  was  obtained  previously  by  the  action  of  ethylamine  on  n-butyl  n-butylchloroborate  [6], 

5.  Isoamyldi(n-butylamino)boron.  To  12.7  g  of  di-n-butyl  isoamyl  thioborate  [1]  was  slowly  added  7.4  g 
of  n-buiylamuie,and  heat  was  evolved.  The  n-butyl  mercaptan  (8.6  g)  was  distilled  from  the  reaction  mixture. 
Fractional  distillation  of  the  residue  yielded  6.1  g  (55.5'7o)  of  isoamyldi(n-butylaniino)boron, 

B.  p.  93.5-94*  (2  mm),  n*®D  1.4422,  d*®4  0.8078.  Found  "Ic:  C  69.28,  69,27;  H  14.03,  14.11;  B  4.82,  4.99. 
Cijl^iBNj.  Calculated  C  69,02;  H  13.81;  B  4.73. 

6.  n-Butyl  n-propyldiethylaminothioborate.  To  a  mixture  of  9.4  g  of  di-n-butyl  n- propyl  thioborate  [1] 
and  6  ml  of  isopentane,  cooled  with  ice  water,  was  added  3  g  of  diethylamine  diluted  with  10  ml  of  isopentane. 
After  the  reaction  mixture  had  been  stirred  at  room  temperature  for  1  hr,  the  solvent  and  n-butyl  mercaptan  were 
distilled  from  It  and  the  residue  was  distilled.  We  obtained  7,4  g  (85‘5<)  of  n-butyl  n-propyldiethylaminothio¬ 
borate. 

B.  p.  96-97.5*  (4  mm),  n?®D  1.4704,  d*®4  0.8628,  Found  <7,:  C  61,35,  61.06;  H  12.35,  12.07;  S  14.36; 

N  6.79,  6.79.  CuH26BSN.  Calculated  C  61.43;  H  12.18;  S  14.86;  N  6.51. 

When  a  mixture  of  di-n-butyl  n- propyl  thioborate  and  diethylamine  (0.07  mole)  was  boiled  for  7  hr,  wc 
obtained  an  85*7i:  yield  of  n-butyl  n-propyldiethylaminothioborate  with  b.  p.  96-97.5*  (4  mm),  if®D  1,4704, 
d*®4  0.8628. 

7.  n-Butyl  n-butyldiethylaminothioborate.  After  a  mixture  of  14  g  of  di-n-butyl  n-butylthioborate  [1] 
and  5,7  g  of  diethylamine  had  been  stirred  at  room  temperature  for  1  hr,  then  n-butyl  mercaptan  (99*)t  yield) 
was  distilled  from  the  reaction  mixture.  The  residue  was  vacuum  distilled.  We  obtained  11.1  g  (85.5<)b)  of 
n-butyl  n-butyldiethylaminothioborate. 
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B.  p.  102-103*  (3  mm),  n*®D  1.4702,  \  0.8620,  Found  ‘5t:  C  63.17,  62.83;  H  12.40,  12.36;  N  6.33, 

6.62.  CjiHjsBNS.  Calcidatcd  <7c:  C  62.88;  H  12.32;  N  6.16. 

Boiling  a  mi;:ture  of  7.8  g  of  diethylamlne  and  10  g  of  di-n-buiyi  n-butylthioborate  for  10  hr  and  cistilling 
the  reaction  products  yielded  7.65  g  (81.3‘^)  of  n-butyl  n-butyldiethylaminothioborate. 

B.  p.  116-117*  (5  mm),  n*®D  1.4702,  d*®4  0.8620. 

8.  n-Butyl  isobutyldiethylaminothloborate.  A  mixture  of  8.7  g  of  dl-n-butyl  Isobutylthloborate  and  2,7  g 
of  diethylamine  was  stirred  at  room  temperature  for  1  hr.  Distillation  of  the  reaction  products  yielded  3.13  g 
(97*70)  of  n-butyl  mercaptan  and  7.8  g(06.5o}c)  of  n-buiy!  Isobutyldlethylaminothioborate. 

B.  p.  104-106.5*  (4  mm),  n*®D  1.4700,  \  0.8613.  Found  <70:  C  62.81;  H  12.22;  N  6.18.  C^HjiENS. 

Calculated  <7c:  C  62.88;  H  12.32;  N  6.16. 

9.  n-Dutyl  isoamyldiethylaminothloborate.  A  mixture  of  26  g  of  di-n-butyl  isoamylthioborate  and  7.3  g 
of  diethylamine  was  stirred  at  room  temperature  for  1  hr.  The  n-butyl  mercaptan  was  distilled  from  the  reaction 
mixture  under  slightly  reduced  pressure.  Distillation  of  the  residue  yielded  19.8  g  (81. 5*7:)  of  n-butyl  isoamyl- 
diethyl  am  inothioboratc, 

B.  p.  97-98’  (2  mm).  n^®D  1.468S,  0.8572.  Found  C  64.27,  64,02;  H  12.51.  12.55;  N  5.96,  6.20. 

C13H30BNS.  Calculated  C  64.18;  H  12.43;  N  5.76. 

After  a  mixture  of  10.7  g  of  di-n-butyl  isoamylthioborate  and  5.7  g  of  diethylamine  had  been  boiled  for 
30  min,  from  the  reaction  products  we  isolated  8.8  g  (88'7e)  of  n-butyi  isoamyldiethylaminothloborate  with  b.  p, 
129-132*  (9  mm).  After  rcdistillation,  the  substance  had  b,  p.  104.5*  (3  mm).  n*®D  1.4688, 

10.  n-Propykli(cthylamino)bcron.  To  a  stirred  mixture  of  13.7  g  of  n-butyl  n-propyldiethylaminothio- 
boratc  and  15  ml  of  isopentane,  cooled  to  —30*,  was  added  8.5  g  of  ethylamine.  The  reaction  mixture  was 
stirred  at  0*  for  1  lu  and  left  overnight.  Fractional  distillation  of  the  reaction  mixture  yielded  5.91  g  (65,9'7>) 
of  n-propyldl(ethylamino)boron, 

B.  p.  60-67*  (12  mm),  n2®D  1.4272,  d*®^  0.7908.  Found  C  59.33;  H  13.31;  B  7.68;  N  19.68.  C7H19BN5. 
Calculated  "/c:  C  59.10;  H  13.49;  B  7.62;  N  19.72, 

11.  Isoainyldl(cthylan)ino)boion.  A  solution  of  3.5  g  of  ethylamine  in  5  ml  of  isopentane  was  added  with 
stirring  to  G.O  g  of  n-butyl  isoamyldiethylaminothloborate  in  6  ml  of  isopentane  at  —30*.  The  reaction  mixture 
was  stirred  at  0*  for  1  lir  and  then  boiled  for  half  an  hour.  Distillation  yielded  a  fraction  which  had  an  amine 
odor  and  boiled  at  60-64*  (4  mm).  It  weighed  2,8  g  (61*7;).  After  redistillation,  the  lsoamyldi(cthylamlno)boron 
had  b.  p.  53-54*  (3  mm).  i^®D  1.4332  [5], 

12.  Preparation  of  iso3myldi(ethvlamino)boron  from  isoamyldi(diethylamino)boron.  To  4.5  g  of  isoamyl- 
di(diethylamino)boron  at  -25*  was  added  5  ml  of  ethylamine.  The  reaction  mixture  was  stirred  for  half  an  hour 
and  left  overnight.  It  was  then  boiled  for  1  hr  and  distilled  to  yield  1,8  g  of  isoamyldi(ethy!amino)boron  with 

b.  p.  82-84*  (15  mm),  if®D  1.4332  [5], 

13.  Preparation  of  isoamyldi(phenylamino)boron  from  isoamyldi(n-butylamino)boron.  A  mixture  of  8,5  g 
cf  isoamyldi(butylamino)boron  and  7.5  g  of  aniline  was  heated  in  a  flask  with  a  fractionating  column  and  dis¬ 
tillation  condenser.  From  the  reaction  mixture  we  distilled  4.8  g  (88.7'7o )  of  n-butylamine  with  n*®D  1.401. 
Distillation  of  the  residue  yielded  8.5  g  of  isoamyldi(phenylamino)boron  witli  b.  p.  164-174*  (2  mm).  After 
rcdistillation,  the  substance  had  b.  p,  173-173.5*  (2  mm),  n*®D  1,5700,  According  tc  literature  data  [5);  i^®D 
1.5700. 

14.  Preparation  of  n-propyldi(phenylamino)boron  from  n-propyldifn-butylamlno)boron.  Under  analogous 
conditions,  from  9,25  g  of  n-propyldi(bntylamino)boron  and  8.8  g  of  aniline  we  obtained  n-butylamine  (79.4<)t) 
and  n-propyldi(phenylamino)boron  with  b.  p.  133-134*  (0,35  mm),  n*®D  1.5820,  which  was  obtained  previously 
by  the  action  of  aniline  on  n-butyl  n-propylchloroborate  [6]. 

SUMMARY 

1.  Alkylthloboric  esters  react  with  primary  aliphatic  amines  to  form  N-alkyl  alkyl borodlamines. 
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2,  The  action  of  diethylatnine  on  alkyl thioborlc  esters  forms  alkyldlethylaminothioborlc  esters,  which 
arc  2  new  type  of  organoboron  compound. 

3,  Alkyldiethylaminothioboric  esters  react  with  ethylamlne  to  form  N-ethyl  derivatives  of  alkylborodl- 
amines. 

4.  Tl»e  action  of  ethylamlne  on  an  alkyldI(dIethylamlno)boron  produces  transamination  which  forms  an 
alkyldi(ethylamlno)boron. 

5.  V/hen  heated  with  aniline,  an  alkyldi(n-butylamIno)boron  undergoes  transamination  with  the  formation 
of  N-phenyl  derivatives  of  an  alkylborodlamine. 
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ORGANOBORON  COMPOUNDS 


LXIV.  REACTION  OF  UNSATURAITD  ORGANOBORIC  ESTERS  WITH  SILANES 

B.  M.  Mikhailov,  P.  M.  Aronovich,  and  L.  V.  Tarasova 

Institute  of  Organic  Chemisny,  Academy  of  Sciences  of  the  USSR 

Translated  from  Zhurnal  Obshchel  Khlmll,  Vol,  30,  No.  11,  pp,  3624-3628, 

November,  1960 

Original  article  submitted  January  3, 1960 

Silanes  are  known  to  add  to  unsaturated  compounds  in  the  presence  of  chloroplatinic  acid  [1-3]  and  other 
platinum  catalysts.  We  used  this  reaction  to  prepare  organosilicoboron  compounds. 

Tlic  reaction  of  isobutyl  vinylborate  (I)  with  trichlorosilane  and  meihyldlclilorosllane  In  the  presence  of 
chloroplatinic  acid  yielded  the  Isobutyl  esters  of  2-trichlorosilylethylboric  (II)  and  2-methyldIchloro8llylethyl- 
boric  (III)  acids,  respectively, 

(:ii.-ciin{()(:4ii„).  i  ii?ici3  — ►  ci3SiGii2Cii2n(OC4iiu)j 
(I)  '  (II) 

CII,==(:iU{(OC«lln),  !  CU.,SillCl,  —  Cl2{CIl3)SiCll2Cll2n(OC4M9)2 
(1)  '  '  (III) 

Methyldlchlorosilane  reacted  analogously  with  n-butyl  allylborate  (IV)  to  form  n-butyl  3-methyldichloro- 
silylpropylborate  (V), 

Cll,  -CllCll.imiCjIl.,)^  I-  CllaSillCh  — >  Cl2(Cll3)SiCM2CIl2GM2n{OC4n9)j 
(iv>  ■  (V)  '  ■ 

The  substances  obtained  were  assigned  the  given  structure  in  analogy  with  data  on  the  order  of  addition  of 
halosilanes  to  olefins  (1-3);  in  these  cases  tne  trichlorosilyl  and  methyl dichlorosllyl  groups  add  to  the  terminal 
carbon  atoms. 

Trichlorosilane  and  methyldlchlorosilane  added  to  unsaturatcd  organoboiic  esters  under  much  milder  con¬ 
ditions  than  to  olefIns,and  this  Is  evidently  explained  by  the  activating  effect  of  the  boron  atom  on  the  double 
bond.  However,  no  addition  occurred  under  the  same  conditions  but  In  the  absence  of  catalysts.  Triethylsllane 
added  to  the  allylboric  ester  with  much  more  difficulty  In  the  presence  of  chloroplatinic  acid.  When  an  equl- 
molecular  mixture  of  (CzHjlsSiH  and  (IV)  had  been  heated  at  80-85*  for  4  hr  In  the  presence  of  the  catalyst, 
only  an  Insignificant  amount  of  organosilicoboron  compound  was  isolated. 

It  should  be  noted  that  the  addition  of  trichlorosilane  and  methyldlchlorosilane  to  the  esters  (I)  and  (IV) 
was  complicated  by  side  processes,  which  made  it  difficult  to  isolate  the  reaction  products  in  a  pure  form. 

The  reaction  of  trichlorosilane  with  butyl  allylborate  was  most  complex;  In  this  case  we  obtained  a  mix¬ 
ture  of  products  from  which  we  Isolated  a  fraction  containing  more  chlorine  than  the  expected  n-butyl  3-tri- 
chlorosilylpropylborate  (VI). 

CIl2=CHCH2n(OC4ll9)2+ IlSiClj  — ►  Cl3SiCn2CH2CH2D(OC4H.)t 
(IV)  (VI) 
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when  the  reaction  was  carried  out  uiider  milder  conditions  (heating  at  35-40*  with  a  tenth  of  the  catalyst), 
the  bulk  of  the  suiting  materials  was  recovered. 

In  view  of  dau  [4]  on  the  smooth  addition  of  trlchlorosilanc  and  methyldichlorosilane  to  olefins  under  tftc 
action  of  y  -radiation,  an  attempt  was  made  to  effect  the  addition  of  trlchlorosllane  to  (I)  and  (IV)  under  the 
action  of  y  -rays.  Complex,  mixtures  of  substances  were  obtained  in  both  cases.  By  repeated  distillation,  from 
the  reaction  products  of  butyl  allylborate  and  trlchlorosllane  v;e  Isolated  a  fraction  which  boiled  over  a  range 
of  2.5*.  but  contained  more  chlorine  than  the  ester  (VI). 

The  formation  of  substances  with  a  high  chlorine  content  by  the  reaction  of  the  allylborlc  ester  and  trl¬ 
chlorosllane  both  in  the  presence  of  catalyst  and  under  the  action  of  y  -radiation  compelled  us  to  assume  that 
hot  only  the  double  bonds,  but  also  the  ester  groupings  participated  In  the  reactions  of  unsaturated  organoborlc 
esten. 

To  check  this  hypothesis  we  studied  the  reaction  of  trlchlorosllane  with  n-butyl-n-propylborate.  The  ex¬ 
periments  were  carried  out  under  more  drastic  conditions  than  those  used  in  the  reactions  of  unsaturated  organo¬ 
borlc  esters.  When  butyl  propylborate  was  boiled  with  two  equivalents  of  trlchlorosilanc  for  16,5  hr,  about  40<^ 
of  the  ester  remained  unchanged.  The  remainder  of  the  ester  was  converted  to  a  chlorine-containing  organo¬ 
boron  compound,  from  which  we  isolated  n-butyl  n-propylchloroborate  (VII)  in  26'^  yield, and  this  was  evidently 
formed  by  the  reaction: 

/Cl 

,.-(:3lI,B(OC4lli)o  I  IlSiCia  — ►  n  -r,3ll;l3<^  4-  !ISi(OC4H(,)CIi. 

\OC4I10 

(VII) 

In  addition,  we  obtained  a  high-boiling  substance  with  a  molecular  weight  of  493,  which  contained  boron, 
silicon,  and  chlorine.  The  structure  of  the  latter  was  not  established.  As  was  to  be  expected,  cfdoroplatlnlc 
acid  had  no  appreciable  effect  on  the  reaction  studied. 

The  capacity  of  an  organoboric  ester  to  exchange  an  alkoxyl  group  for  a  chlorine  atom  under  the  action 
of  trichlorosllanc  with  the  formation  of  a  chloro  ester  (VII)  makes  it  possible  to  understand  the  complex  course 
of  tic  reaction  Ixitwecn  unsaturated  organoboric  esters  and  irichlorosilane.  It  is  probable  tliat  together  with  the 
addition  products  (II,  Vi)  of  trlchlorosllane  and  the  esters,  there  are  also  formed  the  butyl  esters  of  trlchloro- 
silylethylchloroboric  (VIII)  or  trichlorosilylpropylchloroboric  (LX)  acids.  In  addition,  the  cliloroesters  arising 
during  the  reaction,  wliich  have  a  higher  reactivity,  may  undergo  further  reaction  both  with  the  starting  materials 
and  tlic  addition  products  of  the  trlchlorosllane  and  the  ester.  There  is  also  the  possibility  of  telomcrl^atlon 
products  of  the  type  (X). 


/Cl  /Cl 

Cl  ,SiCII„CII  .IK  CLSiCII  .CIIjCII  .IK  Cl3Si|  HB(OC4H,)2l«H 

■  ■  \()C,llo  ■  ■  'OC4II0 

(VIII)  (IX)  (X)  R  =  C,H,  or  C,ll,. 

EXPERIMENTAL 

The  experiments  were  carried  out  in  a  nitrogen  atmosphere.  The  catalyst  used  was  a  0,1  M  solution  of 
H2PtCl*»6H20  in  anhydrous  Iropropanol,  The  allyl-  and  vinylboric  esters  were  synthesized  by  methods  described 
previously  (5,  6], 

1.  Isobutyl  2-irlchlorosilylethylborate  (II).  Over  a  period  of  30  min,  16.6  g  of  trlchlorosllane  was  added 
to  a  stirred  mixture  of  15  g  of  iscbutyl  vinylberate  and  0.05  ml  of  catalyst;  the  temperature  of  the  mixture  rose 
spontaneously  from  20  to  26*.  The  liquid  was  stirred  for  2.5  hr  at  room  temperature  and  then  boiled  on  a  water 
bath  for  30  min  (80-85*).  After  removal  of  the  unreacted  trlchlorosllane,  the  mixture  was  vacuum  distilled 
from  a  Favorskii  flask.  The  following  fractions  were  obtained:  1st,  55-118*  (4  mm),  1.4  g;  2nd,118-125*  (4  mm), 
19  g;  3rd,  125-136*  (4  mm),  2.3  g.  The  residue  (2.4  g)  solidified  in  the  distillation  flask.  The  second  fracdoa 
was  isobutyl  2-trichlorosilylethylborate.  The  yield  was  Redlstlllatlon  yielded  12.1  g  (46.2<)1,)  of  ester. 

B.  p.  115-118*  (3  mm),  if®D  1.4385,  dF®^  1.0775.  Found  '7c:  C  37.86,  38.10;  H  7.13,  7.30;  Cl  32.41, 

32.52.  M  312,  313.  C20H22O2BCIJSI.  Calculated  C  37.58;  H  6.93;  Cl  33.29.  M  319.5. 
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In  another  experiment  the  reaction  mixture  was  heated  on  a  boiling  water  bath  for  3  hr.  Distillation  yielded 
the  following  fractions:  1st,  43-120*  (4  mm),  3  g;  2nd,  120-141*  (4  mm),  12.6  g;  3rd,  141-155*  (4  mm),  5.3  g. 
Further  fractional  distillation  yielded  6.2  g  (23.7'^t)  of  isobutyl  2-trichlorosllyleihylborate  with  b.  p.  116-120* 

(3  mm). 

The  ester  was  a  colorless,  mobile  liquid,  which  fumed  in  air  and  dissolved  readily  in  diethyl  etlier  and 
hydrocarbons.  The  addition  of  water  to  an  ether  solution  of  isobutyl  2-trichlorosilylethylborate  produced  a 
voluminous  white  precipitate,  which  dissolved  with  further  addition  of  water. 

2.  Isobutyl  2-methyldichlorosilylethylborate  (III).  Over  a  period  of  15  min,  9.4  g  of  methyldichlorosilane 
was  added  to  a  stirred  mixture  of  9.8  g  of  isobutyl  vinylborate  and  0,05  ml  of  catalyst;  tlie  temperature  was  kept 
at  18-22*  by  cooling  the  mixture  with  water.  The  liquid  was  stirred  for  30  min  without  cooling,  then  heated 
slowly  to  boiling  over  a  period  of  2  hr,  and  boiled  at  82-85*  for  30  min.  Tlie  excess  methyldichlorosilane  was 
distilled  from  tlje  mixture  and  the  residue  vacuum  distilled.  We  isolated  tv/o  fractions:  1st  55-127*  (3  mm), 

3.1  g;  2nd,  127-133*  (3  mm),  8.9  g.  The  second  fraction  v/as  isobutyl  2-methyldichlorosilylethylborate,  The 
yield  was  5G‘7c.  Rcdistlllation  yielded  5  g  (31. 5*70)  of  a  colorless  liquid  which  fumed  in  air, 

B.  p.  128-130*  (3  mm),  n*®D  1.4370,  0.9915.  Found  <7::  C  44.85,  44.61;  H  8.67,  8.57;  Cl  22.24, 

22.15.  CuHzsOjBCljSi.  Calculated  C  44.16;  H  8.42;  Cl  23.71. 

3.  n-Dutyl  3-methyldiclJorosilylpropylboratc  (V).  A  20.1  g  sample  of  butyl  allylboratc  was  mixed  at 
—15*  with  0.03  n)l  of  catalyst  and  17.7  g  of  methyldichlorosilane;  the  mixture  was  stirred  for  30  min  at  —15*, 

1  hr  at  2-5*,  and  then  heated  to  80*  for  30  min.  After  removal  of  the  iriethyldichlorosilanc,  the  liquid  was 
vacuum  distilled.  We  obtained  the  following  fractions:  1st,  50-136*  (22  mm),  2.1  g;  2nd,  50-70'  (0.02  mm), 

0.8  g;  3rd,  70-77*  (0.02  mm)  20.3  g;  4th.  77-95*  (0.02  mm).  7  g. 

The  tliird  fraction  was  n-butyl  3-mcthyldichlorosilylpropylborate.  The  yield  was  G4‘7c.  After  redlstllla- 
tion,  the  substance  had  the  following  constants: 

B.  p.  77-80*  (0.06  mm),  n*°D  1.4400,  0.9684.  Found  <^cz  C  46.70,  47,19;  H  8.87,  8.99;  Cl  21.67, 

21.88.  C^HzTOzBClzSi.  Calculated  C. 46.03;  11  8.69;  Cl  22.64. 

4.  Reaction  of  n-butyl  allylborate  with  triclilorcsilane.  a)  Under  the  action  of  radiation.  A  mixture  of 
19,8  g  of  n-butyl  allylboratc  and  40.5  g  of  trlclilorosilane  in  a  sealed  ampoule  was  irradiated  with  Co®®  y  -rays. 

The  Integral  dose  was  35*10®  roentgens.  Three  distillations  yielded  3  g  of  a  fraction  with  b.  p.  67.5-70* (0.06 mmX 
which  was  probably  butyl  3-trichlorosilylpropylchloroboratc  (IX)  with  some  3-trlch!orosllylboric  ester  (VI). 

Found  -/c:  C  31.45,  31.16;  H  5.81,  5.68;  Cl  41.84,42.16.  C7H15OBCI4SI.  Calculated  :  C  28.41;  H 
5.11;  Cl  47.93.  CuH2402BCl3Si.  Calculated  fc;  C  39.60;  H  7.25;  Cl  31,89. 

b)  In  the  presence  of  catalyst.  Over  a  period  of  45  min,  17.5  g  of  n-butyl  allylborate.  was  added  to  a 
stirred  mixture  of  17.5  g  cf  tricltlorosilane  and  0.05  ml  of  catalyst.  During  the  addition,  the  temperature  of  the 
mixture  rose  from  18  to  23*.  The  mixture  was  stirred  at  room  temperature  for  1.5  hr  and  then  heated  to  75*  for 
1  hr.  Distillation  yielded  the  following  fractions:  1st,  42-102*  (7  mm),  1,8  g;  2nd  97-126*  (3  mm),  1.6  g;  3rd, 
126-140*  (3  mm),  3.4  g;  4th,  140-167*  (3  mm),  9.7  g;  5th,  167-181*  (3  mm),  5.2  g. 

The  third  fraction,  which  contained  38.37c  of  chlorine,  was  probably  a  mixture  of  the  n-butyl  esters  of 
3-uichlorosilylpropylchloroboric  and  3-trichlorosilylpropylboric  acids  as  in  the  previous  case.  The  fourth  frac¬ 
tion  contained  27.8‘ye  of  chlorine  and  the  5th  fraction,  24*^  of  chlorine. 

5.  Reaction  of  n-butyl  n-propylborate  and  tricltlorosilane.  Into  a  flask  with  a  reflux  condenser  and  a 
nitrogen  inlet  were  placed  24  g  of  n-butyl  propylboratc  and  32.4  g  of  trichlorosilane  and  the  mixture  boiled 
for  16.5  hr;  the  boiling  point  of  the  mixture  gradually  rose  from  49  to  66*.  After  the  heating,  the  trichloro¬ 
silane  was  distilled  from  the  mixture  (18.7  g,  b,  p,  34-38*),and  the  residue  was  vacuum  distilled  twice  to  yield 
the  following  fractions:  1st,  62-66*  (24  mm),  5.32  g,  n*®D  1.4122;  2nd,  66-102*  (24  mm),  5.5  g;  3rd,  102-108* 

(24  mm),  9.9  g,  n*®D  1.4115;  4th.  86-136*  (3  mm),  4.6  g,  r?®D  1.4170;  5th.  136-160*  (3  mm),  4.2  g,  i]?®D  1.4263, 
6th,  160-166*  (3  mm),  1.9  g,  r?®D  1.4392. 

The  first  fraction  was  n-butyl  n-propylchloroborate  (according  to  literature  data  [7]:  b.  p,  60.5-61*  at 
22  mm  and  i^®D  1,4120* );  the  third  fraction  was  the  starting  n-butyl  n-propylborate  (according  to  literature 
data  [7];  b.  p.  82-83*  at  7  mm  and  n*®D  1,4110* );  the  sixth  fraction  contained  boron,  silicon,  and  chlorine. 

•  The  refractive  index  of  the  substance  synthesized  by  B,  M.  Mikhailov  and  T,  A,  Shchegoleva  (7)  is  given. 
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SUMMARY 


1.  Butyl  esren  of  vinyl-  and  allylboric  acids  add  methyidichlorosilane  and  trichlorosilane  In  the  presence 
of  chloroplatlnic  acid  to  form  organoborosillcon  compounds.  By  this  method  we  synthesized  the  butyl  esters  of 
2-methyldlchlorosllylethylborlc,  2-trlchlorosilylethylboric,  and  3-methyldlchlorosilylpropylborlc  acids. 

2.  Silanes  add  to  unsaturated  organoboric  esters  under  milder  conditions  than  to  olefins. 

3.  Butyl  n-propylborate  reacts  with  trichlorosilane  with  heating  to  form  butyl  n-propylchloroborate  and 
other,  unidentified  products. 
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SYNTHESES  OF  ISOXANTHINE  DERIVATIVES 

V.  ISOCAFFEINE -8-MALONlC  ESTER  AND  AMIDES  OF  ISOCAFFEINE-8-ACETIC  ACID 
E.  S.  Golovchinska ya  and  E.  S.  Chaman 

S,  Ordzhonikidze  All-Union  Chemicophannaccutical  Scientific  Research  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No,  11,  pp,  3628-3633, 
November,  1960 

Original  article  submitted  January  5, 1960 


In  order  to  synthesize  some  derivatives  of  methylated  isoxanthine  substituted  at  Cg  through  a  carbon- 
carbon  bond  with  various  residues,  including  alkanoic  acids  and  derivatives  of  alkanoic  acids  and  derivatives 
of  alkanoic  acids,  we  undertook  the  condensation  of  8-chloroisocaffeine  (I)  with  sodiomalonic  ester.  It  was 
found  that  as  in  the  analogous  condensation  of  the  isomeric  8-chlorocaffeine  with  the  double  bond  between 
positions  8  and  9  [1],  the  reaction  showed  certain  peculiarities  which  were  associated  with  tlie  comparatively 
high  acidity  of  the  Isocaffcine-8-malonic  ester  (II)  obtained.  This  ester  dissolved  readily  in  dilute  alkali  solu¬ 
tions  and  was  recovered  unchanged  on  acidification,  while  its  sodium  derivative  (III)  was  quite  a  stable  com¬ 
pound  which  could  be  recrystallized  from  water  successfully. 

The  reason  for  the  quite  high  degree  of  dissociation  of  the  unsubstituted  hydrogen  in  the  malonic  part  of 
the  molecule  of  (II),  which  distinguishes  this  compound  from  other  monosubstituted  derivatives  of  malonic  ester 
(for  example,  monoalkylmalonic  esters),  is  apparently  the  effect  of  the  electron-acceptor  groups  (in  particular, 
C=0)  of  the  purine  part  of  the  molecule  (II)  on  the  malonic  residue,  which  is  transmitted  through  the  system 
of  conjugated  double  bonds  and  causes  a  redistribution  of  the  electron  density  in  this  residue, with  a  correspond¬ 
ing  increase  in  the  polarity  of  the  C— H  bond.  This  effect  is  the  reason  why  the  Isoxanthine  ring  as  a  whole  acts 
as  an  electronegative  group  toward  its  substitutents  at  Cg,  In  the  given  case,  the  direct  result  of  this  effect  of 
the  ring  was  that  during  tlx:  condensation,  substance  (II)  separated  from  the  reaction  mixture  as  its  sodium  de¬ 
rivative  (III);  the  source  of  sodium  for  the  conversion  of  (II)  to  (HI)  was  sodiomalonic  ester,as  malonic  ester  is 
a  much  weaker  acid  than  substance  (11). 


^COOCjUg  ^COOColli 

C— ClI  +  NaCII 

-n/  ^COOC.Hs  ^COOCzH; 

^CHj 
(11) 


— /COOCjHg  ^COOCjIfg 
^C— CNa  -f  CHg 

— n/  ^cooCjUg  ^cooCgHg 

^cnj 

(111) 


From  the  equation  presented  it  follows  that  tiie  preparation  of  (H)  requires  2  moles  of  sodiomalonic  ester 
to  1  mole  of  8-chlorolsocaffeine  (I)  for  completion,as  only  half  of  the  sodiomalonic  ester  used  can  participate 
in  the  condensation,  while  the  second  half  is  consumed  in  the  conversion  of  the  condensation  product  to  its 
sodium  derivative.  Otherwise,  i.e.,  with  equimolecular  amounts  of  the  reagents,  not  less  than  50‘5t  of  the  start¬ 
ing  (I)  is  recovered  from  the  reaction.  The  successive  reactions  which  occur  during  the  condensation  may  be 
summarized  by  the  following  equation. 

^COOCjHg  ^COOCgHg  .COOCgHg 

2NaCII  C— CNa  +NaCI-i-dHg 

^COOCgHg  ^COOCjHg  ^COOCgH, 

'CHj 

(I)  Oil) 


CC1  + 
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The  use  of  a  slight  excess  (lO-lS'^t)  of  sodlomalonic  ester  above  the  calculated  2  moles  made  It  possible 
to  obtain  substance  (II)  In  about  80‘5t  yield.  It  was  advantageous  to  carry  out  the  reaction  In  dry  toluene.from 
which  the  I$ocaffeIne-8-sodIomalonIc  ester  (III)  separated  quantitatively  even  during  heatlng,as  It  Is  completely 
Insoluble  In  most  organic  solvents.  This  condensation  could  not  be  carried  out  in  anhydrous  alcohol  because 
substance  (I)  reacts  more  rapidly  with  sodium  ethylate  than  with  sodlomalonic  ester  due  to  the  fact  that  the 
equilibrium  of  the  system  sodium  ethylate  ** sodlomalonic  ester  Is  displaced  to  the  left  and  practically  the  whole 
of  substance  (I)  used  for  the  reaction  Is  converted  Into  8-ethoxyIsocaffelne  [2). 

.COOCjUs  .COOCjH, 

NaOCaMj-f  CHj  HOGjUj  +  NaC^H 

\cOOC2II5  \cOOCjHs 


^CCl  4-  NaOCjH*  -♦  ^COCalls  +  NaCI 
— N<  — N< 


For  hydrolysis  and  partial  decarboxylation,  the  dierter  (II)  was  heated  with  mineral  acids  In  an  aqueous  or 
alcohol  medium.  Wheri  (II)  was  heated  with  18-20<yc  aqueous  hydrochloric  acid,  both  carbethoxyl  groups  were 
hydrolyzed  and  1  mole  of  CO2  was  eliminated  simultaneously.  The  isocaffeine-8 -acetic  acid  (IV)  formed  was 
comparatively  unsuble  and  readily  decarboxylated;  therefore,  it  was  partly  converted  into  8-methyllsocaffeIne 
(V)  during  the  hydrolysis  process. 


— Nv  — N 

(II)  — ►  ^C-CllaCOOlI  — *■ 

(IV)  (V) 


\C-CII3 


CH3 


Tire  results  obtained  by  heating  the  diester  (11)  with  an  alcohol  solution  of  HCl  differed  in  that  only  one  of 
the  ester  groupings  was  eliminated  while  the  second  remained  unchanged.  This  method  guaranteed  the  retention 
of  tlie  second  carboxyl  group  and  was  particularly  convenient  when  the  acid  (IV)  was  used  for  subsequent  reac¬ 
tions  in  the  form  of  tlie  ester  (VI).  An  example  of  these  reactions  Is  the  conversion  of  isocaffeIne-8-acetic  esters 
Into  amides  of  the  acid. 


(M) 


— N. 

'^c-ciiocoon 

-n/ 

^Cllj 

(VI)  R  =  C,II,. 
(Vll)  R  =  CH,. 


^C— CIIjCONlIH 


(VllI)  R  =  H. 

(IX)  K  =  CH,C.1I*- 


The  unsubstituted  amide  (Vni)  was  readily  formed  in  high  yield  even  at  room  temperature  by  shaking  the 
esters  (VII)  and  (VI)  with  an  aqueous  solution  of  ammonia.  The  capacity  of  the  esters  (VI)  and  (VII)  to  react 
with  ammonia  under  mild  conditions  confirms  to  some  extent  the  hypothesis  presented  above  on  the  capacity  of 
the  isocaffeine  ring  to  act  as  an  electron  acceptor  and  cause  a  redistribution  of  electron  density  In  substituents 
attached  to  it  at  position  8;  it  Indicates  that  there  is  some  analogy  between  the  reasons  for  the  activity  of  these 
esters  and  the  mechanism  of  the  activation  of  esters  by  the  accepted  mode  when  the  weakening  of  the  bond  of 
the  carbonyl  C  atom  with  the  oxygen  of  the  alkoxyl  group  is  caused  by  the  introduction  of  an  electrophilic  atom 
or  group  of  atoms  (for  example,  -CN  [3])  into  the  alkoxyl  part  of  the  ester  grouping  [scheme  (a)].  The  essential 
difference  in  the  given  case  Is  apparently  the  fact  that  according  to  scheme  (b)  the  electron  cloud  should  be 
displaced  In  the  opposite  direction,  i.e.,  toward  the  ring  and  not  toward  the  alkoxyl  group. 

O  O 

n— C . o  — ►  CII,  — ►  X  (H)  X  ♦— Cllj  d* . OCHjR'  (b) 

X  is  an  electronegative  substituent. 

In  addition,  the  isocaffeine  ring  produces  a  comparatively  low  degree  of  activation  of  the  esten  (VI)  and 
(Vn),  which,  in  particular,  is  insufficient  for  their  amidatiiin  by  esters  of  amino  acids.  In  <xder  to  prepare  the 
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group  of  substituted  amides  (A),  it  was  necessary  to  resort  to  such  a  strong  method  of  activating  (IV>  as  preparing 
its  mixed  anhydride  with  phosphorodichloridic  acid  [4], 

n 

-N\  I 

^'C-CIUCOMICIJ— COOCjII;, 

’  Vll;;  (A) 

Alkaline  hydrolysis  of  these  amides  yielded  the  amino  acids  glycine,  valine,  and  phenylalanine  acylated 
with  isocaffeine-8-acetic  acid. 


EXPERIMENTAL 

lsocaffcine-8-malonic  ester  (II).  To  a  suspension  of  23  g  of  finely  divided  sodium  in  600-700  ml  of  dry 
toluene  was  gradually  added  230  g  of  malonic  ester,  tlie  mixture  boiled  with  vigorous  stirring  until  the  forma¬ 
tion  of  the  sodiomalonic  ester  was  complete  (30-40  min)  and  cooled  to  50-60*,  and  100  g  of  carefully  dried  sub¬ 
stance  (I)  added.  The  reaction  mixture  was  boiled  and  stirred  for  10  hr,  during  which  time  (I)  dissolved  and  a 
voluminous  crystalline  precipitate  of  the  Na  derivative  of  (III)  and  NaCl  formed.  The  precipitate  (  -'193.5  g) 
was  collected  from  tlic  cooled  mixture  and  1  g  recrystallized  from  5  ml  of  96')t  alcohol.  Substance  (III)  was 
again  rccrystallized  from  alcohol  for  analysis. 

Found  <yc:  N  15.15.  CjsllijOjN^Na.  Calculated  N  14.93. 

The  mixture  of  (Hi)  and  NaCl  obtained  was  dissolved  in  1500  ml  of  warm  water  (50-35*)  and  the  clear, 
wine-red  solution  adjusted  to  pH  3-4  witli  20‘?1:  mineral  acid;  the  soft  white  or  pinkish  crystals  thus  formed  were 
collected,  washed  with  a  small  amount  of  cold  water,  and  dried.  The  weight  was  102  g  and  the  m,  p,  133-135* 
and  after  recrystailization  from  500  ml  cf  alcohol  the  substance  weighed  94  g  and  had  m.  p.  137-138*.  Extrac¬ 
tion  of  the  aqueous  filtrate  with  clilorofonn  and  concenuation  of  the  alcohol  filtrate  from  recrystailization  (300- 
350  ml  of  alcohol  was  distilled)  yielded  a  further  small  amount  of  the  ester  (II),  which  had  m.  p,  137-138*  and 
weighed  15  g  after  recrystailization  from  alcohol  (1:  5-7),  The  total  yield  of  (II)  was  109  g  (70.59'7o). 

Found  Oh  N  15.93.  CuUzoOgN^.  Calculated  '7c;  N  15.90. 

lsocaffcinc-8-acetic  acid  (IV).  a)  From  isocaffcine-8-malonic  ester  (II).  A  mixture  of  20  g  of  (11)  and 
200  ml  of  \B°]c  hydrocliloric  acid  was  boiled  and  stirred  for  15-20  min  (until  tlic  molten  upper  layer  dissolved 
completely)  and  the  solution  cooled  and  neutralized  with  dry  NaHC03.  The  crystalline  precipitate  which  formed 
at  pH  4-5  was  collected  and  dissolved  in  NaHC03  solution,  the  turbid  solution  treated  with  charcoal  and  fil¬ 
tered,  and  the  acid  (IV)  precipitated  by  acidification  with  concentrated  hydrochloric  acid.  The  precipitate 
was  collected,  washed  with  cold  water  and  alcohol,  and  dried  in  air.  The  yield  was  10.2  g  The  m.  p. 

of  the  acid  (FV^)  was  255-257*  (decomp.). 

Found  <7::  N  21.79;  C  47.07;  H  4.82.  C,oHi204N4.  Calculated  N  22.22;  C  47.61;  H  4.76. 

The  titration  of  0.1900  g  of  the  substance  in  15.00  ml  of  0.1  N  NaOH  required  7.63  ml  of  0.1  N  HCl, 
Calculated:  7.53  ml  of  0.1  N  HCl. 

b)  From  a  mixture  of  the  Na  derivative  of  isocaffeine-8-malonic  ester  (HI)  and  NaCl.  The  crystalline 

precipitate  isolated  from  the  condensation  of  20  g  of  (I)  with  sodiomalonic  esterwasboilcdforl5minwith200ml 
of  20*7:  hydrochloric  acid  with  stirring  (with  charcoal  for  the  last  5-6  min);  the  mixture  was  filtered  and  the  cooled 
solution  neutralized  with  dry  NaHC03  (to  a  chestnut  color  with  Congo).  The  precipitate  was  collected  and  dis¬ 
solved  In  120  ml  of  57c  NaHC03  solution  and  the  solution  treated  with  charcoal,  filtered,  and  acidified  with  cone. 
HCl  (7.5  ml).  The  precipitate  was  collected,  waslied  with  glacial  acetic  acid  and  then  alcohol,  and  dried  In  air. 
The  m.  p.  was  254-255*  and  the  yield  was  14,8  g  on  the  starting  (1)], 

The  tiuatlon  of  0.1706  g  in  10  ml  of  0.1  N  NaOH  required  6.65  ml  of  0.1  N  HCl.  Calculated: 6.77  ml. 

c)  From  isocaffeine-8-acetic  esters  (VI)  and  (VII).  To  a  mixture  of  2.74  g  of  the  ester  (VI)  or  (VII). 

0.5  ml  of  alcohol,  and  5  ml  of  water  was  added  5  ml  of  2  N  NaOH  solution  dropwise  (to  pH  8),  Acidification 
of  the  alkaline  solution  precipitated  2.3-2,5  g  (  ~95‘7:)  of  the  acid  (IV)  with  m,  p.  256-257*;  mixtures  with  the 
samples  obtained  by  methods(a)  and  (b)  melted  at  256-257*. 
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Methyl  lsocaffeine-8-acetate  (VII).  A  mixture  of  25  g  of  the  acid  (IV),  13  ml  of  cone,  H2S04,  and  375ml 
of  CH3OH  was  boiled  for  4  hr;  the  residue  was  treated  with  ice,  neutralized  with  dry  NaHCOs,  and  the  partly  crys¬ 
talline  mass  extracted  with  chloroform.  Distillation  of  the  chloroform  gave  25  g  of  a  residue  with  m,  p,  192- 
198*;  recrystalllzatlon  from  methanol  gave  20,7  g  (80.5<7t)  of  product  with  m,  p.  202-204*  (decomp.).  For  anal¬ 
ysis,  the  product  was  lecrystallized  twice  from  CH3OH,  when  it  had  m.  p.  205-206*. 

Found  ‘7c;  N  21.05;  C  49.54;  H  5.09.  CnHuO^N^.  Calculated  ‘7«:  N  21.05;  C  49.62;  H  5,26. 

Ethyl  l5ocaffeinc-8-acetate  (VI).  a)  A  mixture  of  2  g  of  (II)  and  20  ml  of  an  8*7;  solution  of  HCl  in  alcohrd 
was  boiled  for  3  hr.  The  alcohol  was  removed  and  the  residue  treated  with  10-15  ml  of  water  and  neutralized 
with  dry  NallCOs.  The  crystalline  substance  liberated  was  collected;  it  had  m.  p.  210-212*  and  the  yield  was 

l, 35  g  (85*7:).  For  analysis,  the  product  was  recrysullized  from  alcohol, when  it  had  m.  p.  213-214*. 

Found  '7c:  N  20,19,  Calculated  <7;:  N  20,00. 

b)  A  mixture  of  1  g  of  substance  (IV)  and  20  ml  of  a  17‘7c  alcohol  solution  of  HCl  was  boiled  for  3  hr.  The 
alcohol  was  removed  and  the  residue  treated  with  water  and  NaHCOs  to  yield  (VI),  After  recrystallization  from 
alcohol,  the  substance  had  m,  p,  213-214*.  The  yield  was  0.57  g  (SI'Tj).  The  m,  p.  of  a  mixture  with  the  (VI) 
obtained  by  method(a)  was  213-214*. 

Amide  of  lsocaffeine-8-3cctic  acid  (VIII).  A  mixture  of  15  g  of  the  ester  (VI)  or  (VII)  and  300  ml  of  33- 
35‘7o  ammonia  solution  was  shaken  at  room  temperature  for  30  hr.  The  suspended  solid  was  collected  and  washed 
with  water  and  alcohol.  The  weight  was  12,73-10  g  (90,00-73.007:)  ^nd  the  product  had  m,  p,  264-267*.  For 
analysis,  the  product  was  recrystallized  from  dimethylformanilde(l;10),when  it  had  m,  p.  271-272*.  It  crys¬ 
tallized  with  1  mole  of  dimethylformamide. 

Found  ^c:  N  25.81;  C  48.51;  H  5.91.  C13H20O4N5.  Calculated  <7c:  N  25.92;  C  48.14;  H  5.86. 

N-(lsocaffcinc-8)-acctyl phenylalanine.  To  a  mixture  of  5,04  g  of  (IV),  4,6  g  of  the  hydrochloride  of  the 
ethyl  ester  of  phenylalanine,  and  2.8  ml  of  triethylamine  in  150  ml  of  dry  methylene  chloride  at  —15  to  —12* 
was  rapidly  added  a  mixture  of  3.06  g  of  phosphorus  oxychloride  and  5.6  ml  of  triethylamine  and  the  mixture 
stirred  for  1  hr  at  -15*  and  1  hr  at  20*.  The  reaction  mixture  was  washed  three  times  with  10-ml portions  of 
water,  the  aqueous  layer  separated,  and  the  washed  and  dried  solution  evaporated  in  vacuum.  The  residue  was 
triturated  with  alcohol  to  yield  4.6  g  (54‘7c)  of  the  ethyl  ester  of  N-(isocaffeIne-8)-acetylphenyla!anine  with 

m.  p.  209-211*  (from  alcohol,  1;  9), 

Found  7c:  N  16.19.  CziMzsOsNs.  Calculated  7e:  N  16.38. 

AIN  solution  of  NaOH  was  added  dropwise  to  a  mixture  of  2,6  g  of  unrecry-stallized  ester  (m.  p,  208-210*) 
and  25  ml  of  alcohol  at  55-50*  (pH~8).  The  cooled  and  filtered  solution  was  acidified  and  then  diluted  with 
50  ml  of  water.  The  N-(lsocaffeine-8)  -acetylphenylalanine  liberated  was  recrystallized  from  75  ml  of  water 
and  the  dihydrate  obtained  dried  at  120-130*.  The  yield  was  1.99  g  (80%)  and  the  m.  p,  was  231-232*  (decomp.). 
The  substance  lost  water  of  crystallization  at  150*. 

Pound  7c:  N  16.37;  HjO  7.40  (by  Fischer’s  method).  CigHjiOjNs*  2H2O.  Calculated  ‘Ti:  N  16.31;  H*0 

8.20. 


The  reactions  with  the  esters  of  glycine,  valine,  and  6 -alanine  and  benzylamine  were  carried  out  anal¬ 
ogously. 

Ethyl  ester  of  N-(isocaffeine-8)-acetylglycine,  The  yield  was  11%  and  the  m.  p.  161-163*  (from  alcohol 

1:4). 

Found  7e:  N  20.66.  C14H19O5N5.  Calculated ‘Tt;  N  20.75. 

Hydrolysis  of  the  ester  with  1  N  NaOH  solution  at  room  temperature  yielded  N-(isocaffelne-8)-acetyl- 
glycine  as  the  monohydrate  in  71*7:  yield;  the  m.  p.  was  274-276*  (decomp.). 

Found  7c;  N  21.66;  HjO  5.20  (by  Fischer’s  method).  C^HisOsNs-HjO.  Calculated  ‘Ti:  N  21.40;  HtO 

5.50. 

Ethyl  ester  of  N-(isocaffeine-8)-acetylvallne,  The  yield  was  52*7:  and  the  m.  p,  218-220*  (from  water). 
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Found  N  18.51;  C  54.13;  H  6.58.  CnHjsOgNj.  Calculated  N  18.45;  C  53.81;  H  6.64. 

Hy<jrolysis  of  the  ester  with  1  N  NaOH  at  60-65*  yielded  N-(l$ocaffelnc-8)-acetylvallne.  The  yield  was 
38*?t  and  the  m.  p.  248-250*  (decomp.). 

Found  N  19.14;  C  50.47;  H  5.94;  HjO  2.35  (by  Fischer’s  method).  CjsHtiOsNs  .  O.5H2O.  Calculated 
N  19.42;  C  50.00;  H  6.10;  HjO  2.50. 

Ethyl  ester  of  N-(  l$ocaffeine-8)-acetyl-B -alanine.  The  yield  was  17<1t  and  the  m.  p.  190-191*  (from 
methanol). 

Found  N  19.77.  CuHnOgNj.  Calculated  N  19.92. 

Benzylamide  of  (lsocaffelne-8)-acetlc  acid  (IX).  The  yield  was  Ol*^  and  the  m.  p.  was  248-250*  (from 
alcohol). 

Found  N  20.46.  C^jHijOsNs.  Calculated  <5t:  N  20.50. 

SUMMARY 

1.  Condensation  of  8-chloroIsocaffelne  with  sodlomalonic  ester  yielded  IsocaffeIne-8-malonic  ester,  which, 
due  to  its  comparatively  high  acidity,  formed  a  quite  stable  sodium  derivative,  which  crystallized  readily  from 
water. 

2.  Heating  IsocaffeIne-8-malonIc  ester  with  an  alcohol  solution  of  hydrogen  chloride  formed  the  ethyl 
ester  of  lsocaffelne-8 -acetic  acid,  i.e.,  only  one  carbethoxyl  group  was  eliminated.  Hydrolysis  In  aqueous 
hydrochloric  acid  led  to  hydrolysis  of  both  ester  groupings. 

3.  Glycine,  valLne,  and  phenylalanine  acylated  with  lsocaffeine-8-acetic  acid  were  synthesized.  We 
also  prepared  the  unsubstituted  amide  of  isocaffeine-8 -acetic  acid  and  its  benzylamide. 

LITERATURE  CITED 

1.  E.  S.  Golovchinskaya,  Zhur.  Obshchel  Khim.,  Coll.  I,  693  (1953). 

2.  I.  M.  Ovcharova  and  E.  S.  Golovclilnskaya,  Zhur.  Obshchei  Xhim.  3339  (1959). 

3.  R.  Schwyzer,  B.  Iselin,  and  M.  Feurer,  Helv.  Chim.  Acta  69  (1955). 

4.  T.  Wicland  and  B.  Heinke,  Lieb.  Ann.  599.  70  (1956). 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  covers  to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3600 


BIS(  6 -CHLOROETHYL)- AM  INES  OF  BICYCLIC  COMPOUNDS 
L  BIS(fl-CHLOROETHYL)-AMINES  OF  THE  INDAN  SERIES 

K.  V.  Levshina,  A.  I.  Gavrilova,  and  S.  I.  Serglevskaya 

S,  Ordzhonikidze  All-Union  Chemicopharmaccutical  Scientific  Research  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  11,  pp.  3634-3639, 
November,  1960 

Original  article  submitted  January  1, 1960 


Bicyclic  systems  of  condensed  nuclei  ate  frequently  part  of  the  molecules  of  natural  biologically  active 
substances, and  therefore  the  study  of  these  compounds  is  of  definite  interest  in  the  search  for  new  drugs. 

The  present  work  was  devoted  to  the  synthesis  and  investigation  of  1-aminoindans  and  some  of  their  de¬ 
rivatives  with  substitutents  ih  without  substituents  in  the  aromatic  or  alicyclic  parts  of  the  molecules. 

The  starting  materials  were  1-indanones  (1).  which  were  converted  into  oximes  and  the  latter  reduced  to 
amines. 

j  ^  * 

I  ..  ,1 

I*:  ["'■I 

I.  I  I  !  I  I.  It  ■  II: 

I  t.  ;  >•  j  "I  n,  =  coon,  rooc  ii,.  ii. 

I  '  i'  '  I 

I  I 

The  1-lndanones  were  obtained  largely  by  cyclization  of  aliphaticaromatic  acids.  We  carried  out  this 
reaction  with  phcnylpropionic,  phenylsuccinic,  and  m-  and  p-methoxy-  and  3.4-diir.ethoxyphenylproplonlc 
acids.  Two  methods  were  used  for  the  cyclization;  a)  cyclization  of  the  free  acids  with  the  aid  of  polyphos- 
phoric  acid  and  b)  cyclization  of  the  acid  chlorides  in  the  presence  of  AICI3. 

Substituents  in  the  benzene  nucleus  are  known  to  have  a  substantial  effect  on  the  course  of  the  reaction 
in  the  cyclization  of  aliphatic -aromatic  acids.  We  encountered  similar  phenomena  in  our  work  Phenylsuccinic 
acid  could  not  be  cyclized  with  the  aid  of  polyphosphoric  acid  despite  variations  in  the  reaction  conditions.  A 
sufficiently  high  yield  of  3-carboxy-l-indanone  could  only  be  obtained  when  the  diacid  chloride  was  used  and 
AICI3  was  added  as  a  catalyst.  By  applying  the  same  methods  to  phenylpropionic  acid  according  to  literature 
data  [1],  we  obtained  1-indanone  in  good  yield  without  difficulty.  Thus,  the  substituents  in  the  sid*.  chain  had 
an  appreciable  effect  on  tlie  capacity  of  the  substance  to  cyclize. 

The  cyclization  of  m-methoxyphenylpropionic  acid  has  been  studied  by  many  investigators.  L.  Nowak 
and  M.  Protiwa  [2]  started  from  the  acid  chloride  and  used  SnCl4  as  the  catalyst  ,  while  Ingold  and  Pigett  [1] 
carried  out  the  reaction  in  the  presence  of  Aids.  The  latter  authors  considereo  that  there  was  a  possibility  of 
the  formation  of  two  isomers:  5-methoxy-  and  7-methoxy-l-indanone.  These  and  other  investigators  obtained 
5-methoxy-l-indanone  (by  cyclization  in  the  position  para  to  the  methoxyl  group),  but  the  latter  investigators 
were  able  to  isolate  dimethylated  compounds  of  5-  and  7-hydroxy-l-indanones  from  the  by-products  of  the 
reaction,  which  indicates  slight  formation  of  the  second  isomer.  By  carrying  out  the  reaction  with  free  m- 
methoxyphenylpropionic  acid  in  the  presence  of  polyphosphoric  acid,  we  obtained  a  good  yield  of  5-methoxy- 
l-indanone;  the  other  isomer  was  not  detected. 
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Isomers  could  not  be  formed  in  the  cyclization  of  p-methoxyphenylpropionic  acid  because  of  the  sym¬ 
metry  of  the  molecule,  but  the  prospective  positions  for  ring  closure  were  in  a  position  meta  to  tlie  methoxyl 
group,  which  is  unfavorable  for  intramolecular  acylation.  When  we  used  method  ’a"  we  obtained  6-mcthoxy- 
1-lndanonc  from  p-methoxyphenylproplonic  acid  in  not  more  than  yield,  while  when  method  'b*  was 

used  under  the  conditions  described  in  [3],  this  ketone  was  obtained  in  60*^:  yield  despite  the  fact  that  the  start¬ 
ing  acid  chloride  was  .not  purified  beforehand. 

In  the  cyclization  of  3,4-dImethoxyphenylpropionic  acid,  the  two  possible  positions  of  ring  closure  (posi¬ 
tions  2  and  6  of  tlic  benzene  ring  relative  to  the  side  chain)  are  affected  differently  by  the  two  methoxyl  groups. 

On  the  basis  of  previous  data  it  can  be  seen  that  position  6  Is  more  favorable  for  cyclization.and  therefore  It  was 
to  be  expected  that  5,6-dimethoxy-l-indanone  would  be  formed  in  a  predominating  amount  If  not  exclusively. 

In  accordance  with  the  directions  of  J.  Koo  [1],  we  carried  out  the  cyclization  by  method  *a*alone,and  this 
Indanone  was  obtained  In  9S<^  yield. 

In  addition  to  the  indanones  mentioned  above,  we  prepared  3-carbethoxy-l -indanone  by  esterification  of 
3-carboxy-l -indanone. 

The  oximes  of  the  ketones  mentioned  were  obtained  in  the  usual  way.  Three  methods  were  used  for  re¬ 
duction  of  the  oximes:  1)  catal)tlc  reduction  with  hydrogen  in  the  presence  of  Raney  nickel,  2)  reduction  with 
lithium  aluminum  hydride,  and  3)  reduction  with  aluminum  amalgam.  As  the  last  method  was  tltc  simplest  and 
gave  the  best  results,  most  oximes  were  reduced  in  this  way. 

By-products  were  formed  during  catalytic  reduction.  Thus,  for  example,  togetlier  with  1-amlnolndanonc, 
the  reduction  of  l-indant-inc  oxime  formed  a  secondary  amine,  namely  l-di(indanyl)-amine.  Similarly,  In 
addition  to  3-carboxy-l-atninoindan,  the  reduction  of  3-carboxy-l -indanone  oxime  gave  another  substance, 
whose  structure  we  did  not  determine. 

In  connection  with  our  previous  work  on  alicyclic  compounds  [4],  we  were  particularly  interested  In 
l-bis(6-cIiloroctIiyl)-aminoindans.  These  compounds  were  prepared  by  a  method  which  has  already  been  des¬ 
cribed  in  detail:  tlic  action  of  ethylene  oxide  on  amines  to  give  dihydroxyethyl  derivatives  of  amines  with  sub¬ 
sequent  replacement  of  the  hydroxyl  group  by  ctilorine.  However,  we  were  unable  to  use  tliis  method  to  prepare 
bis(6 -chloroctliyl)  derivatives  from  5-mcthoxy-  and  5,S-dimethoxy-l-aminoindans,  although  the  corresponding 
di-hydroxyetliyl  compounds  were  isolated.  Instead  of  l-bls(6 -chloroethyl)-aminoindans,  in  both  cases  we  ob¬ 
tained  an  aliphatic  bis(fl -chloroethyl)-amine,  which  indicates  the  instability  of  the  C— N  bond  In  an  acid  medium 
in  both  of  tlicsc  indan  <  empounos.  We  observed  similar  phenomena  in  otlxir  cases  in  the  synthesis  of  substituted 
bis(fl-chloroethyl)-amines.  However,  the  material  on  this  phenomenon  is  still  insufficient  for  any  substantiated 
theoretical  hypothescs,and  we  limit  ourselves  to  the  demonstration  of  the  fact  for  now. 

EXPERIMENTAL 

3-Carboxyl-l- indanone.  The  starting  material,  phenylsuccinic  acid,  was  obtained  by  a  method  described 
in  the  literature  [5]  andiisdlacid  chloride  by  the  method  in  [6],  To  13,9  g  of  aluminum  chloride  suspended  In 
50  ml  of  ligroin  (b,  p.  50-70*)  was  gradually  added  13.9  g  of  the  diacid  chloride  of  phenylsuccinic  acid.  Tlie 
reaction  mixture  was  boiled  for  2.5  hr.  To  the  cooled  mixture  was  added  50  ml  of  water  and  the  precipitate 
collected  and  recrystallized  from  water.  The  m.  p.  was  117-119*.  The  yield  was  7.4  g(70,5‘^fc). 

Found  C  68.27;  H  4.56.  CjoHjOj.  Calculated  C  68.18;  H  4.58. 

The  sodium  salt  of  3-catboxyl-l- indanone  was  obtained  by  dissolving  3-carboxyl -1 -Indanone  In  a  saturated 
solution  of  sodium  bicarbonate.  After  extraction  with  ether,  the  aqueous  solution  was  evaporated  to  dryness.  The 
substance  obtained  was  washed  with  anhydrous  acetone  and  ether  and  dried  in  a  vacuum  desiccator.  The  sodium 
salt  was  readily  soluble  in  water  and  hygroscopic.  It  was  insoluble  in  most  organic  solvents. 

3-Carboxy-l-Indanone  oxime.  To  a  mixture  of  1.97  g  of  hydroxylamine  hydrochloride  and  2.33  g  of 
sodium  acetate  in  15  ml  of  water  was  gradually  added  5  g  of  3-carboxy-l -indanone  in  25  ml  of  alcohol  and 
the  mixture  stirred  at  room  temperature  for  3  hr.  The  colorless  precipitate  was  collected  and  recrystallized 
from  water.  The  m.  p.  was  180*  (decomp.).  Tie  yield  was  4.96  g  (91.5*)^). 

Found  C  62.91;  H  4.58;  N  7.04.  CioHsQjN.  Calculated  C  62.82;  H  4.74;  N  7.38. 
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The  sodium  salt  of  3-carboxy-l-lndanone  oxime  was  obtained  as  described  above. 

Found  Na  10,65,  CjoUgOjNNa,  Calculated  ‘/c:  Na  10.80. 

S-Carbethoxy-1-lndanone.  A  stream  of  dry  hydrogen  chloride  was  passed  through  a  solution  of  40  g  of 
3-carboxy-l-indanone  In  200  ml  of  anhydrous  alcohol  for  2  hr  with  heating.  Removal  of  the  alcohol  left  an  oil 
which  crystallized  on  cooling.  It  had  m.  p,  44-46*  and  b.  p,  140-145*  (3  mm).  The  yield  was  43  g(93*^).  After 
two  recrysialllzatlons  from  ligroin  the  substance  melted  at  46-48*. 

Found  <7c:  C  70.40,  70.28;  H  5.85,  CaHeOj.  Calculated  C  70.57;  H  5.92. 

3-Carbcthoxy-l-Indanone  oxime  was  obtained  by  the  usual  method.  The  yield  was  95. 5*^  and  the  m.  p, 
was  124-125*  (from  a  mixture  of  benzene  and  ligroin). 

Found  C  65.85;  H  5.91;  N  6.29.  CcHijOjN.  Calculated  C  65.74;  H  5.97;  N  6.38. 

5- M ethoxy-  1-indanone.  With  cooling  and  stirring,  30  g  of  phosphorus  pentoxide  was  gradually  added  to 
20  ml  of  phosphoric  acid.  The  mixture  obtained  was  heated  at  100*  for  1  hr  to  yield  a  clear  sirupy  mass.  The 
latter  was  cooled  to  70*.  5  g  of  6 -(m-metlioxyphenyl)propionic  acid  added,  and  tlie  mixture  kept  at  this  tem¬ 
perature  for  30  min.  The  color  of  the  reaction  mixture  changed  from  amber-yellow  to  dark  red.  Tlie  cooled 
reaction  mixture  was  gradually  added  to  a  cooled  15<7r  aqueous  solution  of  sodium  carbonate  to  a  neutral  reac¬ 
tion  to  litmus.  The  wliitc  precipitate  was  collected,  washed  with  Iced  water,  .and  dried  in  a  drying  cupboard 
at  70*.  It  had  m.  p.  110-112*.  The  yield  was  3.5  g  (72.7<^),  The  oxime  had  m.  p.  156-158*. 

6- Me:hoyy-l-Indanone  was  obt.-»Ined  In  accordance  with  [3],  The  yield  was  67*^  and  the  m.  p,  108-109* 
(from  alcohol).  The  oxime  had  m.  p.  133-134.5*  [1], 

5.6-Dimethoxy-l-indanone  was  obtained  In  accordance  with[l]  from  dimethoxyphenylpropionic  acid  In 
tlxi  presence  of  polyphosphoric  acid.  The  yield  was  95‘^c  and  the  m.  p.  118-119*  (from  water),  5,6-Dlmethoxy- 
l-indanone  oxime  had  m,  p,  196-197*  (from  alcohol).  The  yield  was  93,2«Jfc, 

Found  1c:  C  63.63;  H  6.28;  N  6.70.  CaHisOjN.  Calculated  oje:  C  63.75;  H  6.27;  N  6.76. 

l-Aminoindan  and  di(indanyl-l  )aminc.  A  10-g  sample  of  1-indanone  oxime  in  200  ml  of  anhydrous  alco¬ 
hol  was  hydrogenated  In  the  presence  of  2.5  g  of  ftaney  nickel  in  an  autoclave  at  70*  and  an  initial  hydrogen 
pressure  of  50  atm.  Tire,  catalyst  was  removed,  the  alcohol  evaporated  and  the  residual  oil  vacuum  distilled, 
with  measures  to  protect  the  amine  from  atmospheric  carbon  dioxide.  We  obtained  two  fractions:  the  1st  had 
b.  p.  92-95*  (7  mm),  3.2  g  (1-aminoindan);  the  2nd  had  b.  p.  195-20.5*  (7  mm),  5.5  g  [dl(indanyl-l)amine), 
l-Aminoindan  hydrochloride  was  obtained  by  dissolving  1-aminoindan  in  absolute  ether  and  adding  an  ether 
solution  of  hydrogen  chloride.  It  had  m.  p,  208*,  which  agrees  with  literature  data  [7],  Di(indanyl-l)amine 
hydrochloride  was  obtained  analogously.  It  had  m.  p.  230*  (with  charring)  (from  a  mixture  of  alcohol  and  ethyl 
acetate). 

Found  1c:  C  74.96;  H  7.34;  N  4.88;  Cl  12.83.  CuHijN'llCl.  Calculated  1c:  C  75.58;  H  7.08;  N  4.90; 

Cl  12.45. 

1-Acetylaminoindan.  It  had  m.  p.  123-124*  (from  aqueous  alcohol). 

Found  1c:  C  75.21;  H  7.44;  N  7.92.  CuH^ON.  Calculated  1c:  C  75.40;  H  7.47;  N  7.99. 

Acetyl  derivative  of  di(indanyl-l)amine.  It  had  m.  p.  206-208*  (decomp.,  from  ethyl  acetate). 

Found  1c:  C  82.87;  H  7.45;  N  4.83.  CjoHijON.  Calculated  1c:  C  82.45;  H  7.26;  N  4.81. 

3-Carboxy-l-aminoindan.  a  9-g  sample  of  3-carboxy-l-lndanone  oxime  in  200  ml  of  anhydrous  alcohol 
saturated  with  ammonia  was  hydrogenated  in  the  presence  of  6  g  of  Raney  nickel  at  85-90*  and  a  pressure  of 
150  atm  for  3.5  hr.  We  obtained  5.42  g  of  3-carboxy-l-aminoindan  with  m,  p.  270-272*  (from  alcohol). 

Found  1c:  C  68.31;  H  6.19;  N  7.71.  CjoHuOjN.  Calculated  1c:  C  67.96;  H  6.21;  N  7.90. 

After  separation  of  the  3-carboxy-l-aminolndan,  from  the  alcohol  mother  solution  we  obtained  4.71  g 
of  a  substance  with  m.  p.  170-180*.  The  substance  was  not  investigated. 

3-Carbethoxy-l-amlnoindan.  To  a  mixture  of  24  g  of  3-carbethoxy-l-lndanone  oxime.  37  g  of  aluminum 
amalgam,  and  300  ml  of  absolute  ether  was  added  25  ml  of  water  over  a  period  of  8  hr  at  the  boiling  point  of 
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the  ether.  The  reaction  mixture  was  filtered  and  the  amine  Isolated  from  the  filtrate.  It  had  b.  p.  119-120* 

(2  mm);  130-140*  (4  mm).  The  yield  was  18.1  g  (82<^).  The  amine  hydrochloride  had  m.  p.  190-191*  (from 
alcohol). 

Found  <Tci  C  59.45;  H  6.32;  N  5.08;  Cl  14.70.  CaHi502N*  HCL  Calculated  C  59.62;  H  6.70;  N  5.79; 
Cl  14.66. 

5- Methoxy-l-aminolndan.*  Analogously,  from  16.82  g  of  5-methoxy-l-indanone  oxime  and  50  g  of 
aluminum  amalgam  we  obtained  an  amine  with  b.  p.  115-118*  (2  mm).  The  yield  was  12.5  g  (80,7 ‘^),  The  hy- 
drocliloride  had  m,  p.  229-230*. 

6- Methoxy-l-aminoindan.*  To  6  g  of  LLAIH4  In  70  ml  of  absolute  ether  was  added  10  g  of  6-methoxy- 
1-indanonc  oxime  in  300  ml  of  absolute  ether  at  such  a  rate  that  the  ether  boiled  gently.  After  the  addition, 
the  reaction  mixture  was  kept  at  the  boiling  point  of  the  ether  for  a  further  3  hr.  The  complex  formed  was  care¬ 
fully  decomposed  with  60  ml  of  a  10<7c  solution  of  sodium  hydroxide  and  the  Al(OH)j  removed  by  filtration. 

From  the  ether  we  isolated  5.7  g  of  amine  (OO.l^c  yield)  with  b.  p.  110-114*  (1,5  mm).  6-Methoxyaminoindan 
hydrocliloride  had  m.  p.  240-242*  (decomp,). 

Found  C  60.09;  H  7.11;  N  7.05;  Cl  17.77.  CioHuON-HCl.  Calculated  C  60.14;  H  7.06;  N  7.01; 

Cl  17.75. 

5,6-nimethoxy-l -aminoindan.  As  described  above,  from  14  g  of  5,6-dimethoxy-l-lndanone  oxime  and 
40  g  of  aluminum  amalgam  we  obtained  11.8  g  (90.7'7c)  of  an  amine  with  b.  p,  132-134*  (1.5  mm).  The  hy¬ 
drochloride  had  m.  p,  229-230*  (decomp.)  (from  anhydrous  alcohol). 

Foimd  <7^:  N  6.32;  Cl  15.4.  CuHisOjN  •  HCl.  Calculated  N  6.10;  Cl  15.43. 

l-nis(6  -hydroxyethyl)-amtnoiiidans  and  l-bis(B-chlorethyl)-aminoindans.  l-Bis(8-hydroxyethyl)-amino- 
indans  were  obtained  from  0.055  mole  of  the  appropriate  1 -aminoindan  and  0.11  mole  of  ethylene  oxide  by 
heating  in  a  scaled  tube  at  130-140*  for  5-6  hr.  Tlie  compounds  obtained  were  uncrystallizable  oils  which  could 
not  be  vacuum  distilled.  Some  of  them  were  isolated  as  hydrochlorides. 

l-nis(B -chlorocthyl)-aminoindans  were  obtained  from  the  corresponding  l-bis(hydroxyethyl)aminoindans 
by  the  action  of  thlonyl  chloride. 

l-l3is(B-hydroxycthyl)-aminoindan.  This  compound  was  a  thick,  dark  red  oil  with  b.  p.  184-190*  (2  mm). 
The  substance  was  not  purified  furtltcr.  The  yield  was  73'^t, 

l-Bisf  B-chloroethyl)-aminoindan  hydrocliloride.  To  2  g  of  l-bis(B -hydroxyethyl)-aminolndan  in  30  ml 
of  dry  cliloroform  was  added  5  ml  of  freshly  distilled  thionyl  chloride  at  -5  to  0*.  The  mixture  was  left  at  room 
temperature  overnight.  We  isolated  2,5  g  (94.7  <70)  of  the  hydrochloride  with  m.  p,  144-1461  and  after  recrys- 
talllzation  from  etliyl  acetate,  the  substance  had  m.  p,  155-155.5*. 

Found  '7c:  C  52.97;  H  5.91;  N  4.63;  Cl  36.44.  CijHnNCl,  •  HCl.  Calculated  C  52.98;  H  6.15;  N  4.76; 
Cl  36.19. 

3-Carhcthoxy-l-bis(  B-chloroethyl)-l-aminolndan  hydrochloride.  This  .compound  was  obtained  analo¬ 
gously  from  16g  of  undistilled  3-carbethoxy-l-bis(B-hydroxyethyl)-aminoindan  and  15  ml  of  thionyl  chloride. 
The  hydrochloride  isolated  was  purified  through  the  base.  After  repeated  recrystallization  from  benzene  and  a 
few  drops  of  alcohol,  the  substance  had  m.  p.  172-174.5*. 

Found  <7c:  C  52.46;  H  6,02;  N  3.59;  Cl  29.05.  CjcHjiOjNCl,  *  HCl.  Calculated  ojo  :  C  52.40;  H  6.04; 

N  3.82;  Cl  29.00. 

3-Carboxy-l-bis(B  -chloroethyl)-amlnolndan  hydrochloride.  A  mixture  0.5  g  of  3-carbcthoxy-bli(B- 
chloroethyl)-aminoindan  hydrochloride  and  2,5  ml  of  concentrated  hydrochloric  acid  was  heated  at  100*  for 
1  hr.  The  water  was  removed  and  the  residue  purified  by  solution  in  acetone  and  precipitation  with  ether.  The 
material  was  dried  for  2  days  over  phosphorus  pentoxide  in  a  vacuum  desiccator.  The  substance  was  hygroscopic. 
It  had  m.  p,  45-50*  (decomp.). 

*  This  amine  was  obtained  by  reduction  of  tfte  corresponding  oxime  with  sedium  amalgam  (I5, 


3604 


Found  Ofci  C  49.80;  H  5.38;  N  4.18;  Cl  (Ionic)  10,40.  C14H17O2NCIX  •  HCl.  Calculated  C  49.64; 
H  5.35;  N  4.14;  Cl  (Ionic)  10.47. 


5-Methoxy-l-bis(fl-hydroxyethyl)-amlnoindan,  The  substance  had  m.  p.  89-91*. 


way  from  4  g  of  distilled  6-methoxy-l-bis(6-hydroxyethyl)-amInoIndan  and  8  ml  of  thionyl  chloride.  The 
dark  oily  substance  which  remained  after  removal  cf  the  solvent  and  excess  thioryl  chloride  solidified  when 
triturated  with  absolute  ether.  The  hydrochloride  was  purified  through  the  base.  It  was  recrystallized  from  a 
mixture  of  ethyl  acetate  and  alcohol.  It  had  m.  p.  168-169.3*. 

Found  <70:  C  51.98,  51.81;  H  6.27,  6.32;  N  4.25,  4.39;  Cl  32.82.  CmH.^ONCI*  *  IlCl.  Calculated  ofei 
C  51.98;  H  6.18;  N  4.32;  Cl  32.90. 

SUMMARY 

1.  Cyclization  of  aliphatic-aromatic  acids  or  their  acid  chlorides  yielded  some  l-indanones  with  sub¬ 
stituents  in  the  aromatic  or  alicyclic  parts  of  the  indan  ring. 

2.  The  oximes  of  the  l-indanones  obtained  were  reduced  to  the  conesponding  l-aminoindans. 

3.  Bis- fi -chloroethyl  derivatives  of  1-aminoindan,  3-carboxy-l-aminoindan.  3-carbethoxy-l-amino- 
indan,  and  6-methoxy-l-aminoLndan  were  prepared.  It  was  found  that  the  C— N  bond  in  bis- 8 -chloroethyl 
derivatives  of  5-mcthoxy-  and  5,6-dimethoxy-l-aminoindans  is  unstable. 
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In  a  previous  communication  [1]  we  described  the  reaction  between  monomethynecyanines  of  type  (I)  and 
quaternary  salts  of  nitrogen  heterocycles  with  active  methyl  groups.  It  was  found  that  this  reaction  yields  dl- 
carbocyanincs  containing  o-hydroxyphenyl  groups  as  substituents  in  the  polymethyne  chain. 

In  the  present  work  it  was  shown  that  pyrylocyanines  may  react  not  only  with  quaternary  salts  of  nitrogen 
hetcrocycles  with  active  methyl  groups  in  the  heterocyclic  nuclei,  but  also  with  more  complex  compounds  con¬ 
taining  active  methyl  groups.  Compounds  with  active  methylene  groups  can  also  react  with  pyrylocyanines, 

Monomethynecyanines  of  type  (I)  react  readily  with  Quaternary  salts  of  2-(fl-aryl)propenylbenzthIazolc. 
The  reaction  forms  trlcarbocyanlnes  containing  two  aromatic  nuclei  as  substituents  in  the  chromophore. 
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The  reaction  was  carried  out  in  methanol  In  the  presence  of  anhydrous  sodium  acetate.  The  dyes  were 
formed  In  yields  of  30-50^, 

•Here  and  elsewhere  the  values  of  are  given  for  alcohol  solutions. 
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The  absorption  maxitna  of  the  thlatrlcarbocyanlnes  (Ilb)  and  (HI)  coincided  and  were  displaced  toward 
longer  wavelengths  by  22  mp  In  comparison  with  the  absorption  maximum  of  the  thiatricarbocyanine  without 
substituents  in  the  chromophore  (which  has  means  tliat  the  Introduction  of  a  substituent 

such  as  a  mcthoxyl  group  into  a  phenyl  ring  In  the  chromophore  does  not  affect  the  absorption  spectrum  of  the 
thiatricarbocyanine.  As  in  the  case  of  the  similar  dicarbocyanines.  a  change  from  a  phenol  to  a  phenolate  group 
In  the  dyes  examined  produced  a  hypsochromic  displacement  of  the  absorption  maximum  [the  dye  (llb)  had 
770  m/I  In  the  presence  of  alcoholic  alkali].  This  phenomenon  must  be  explained  in  the  same  way  as  for  di¬ 
carbocyanines  with  a  o-hydroxyphenyl  substituent  in  the  chromophore  [1]. 


Substances  containing  active  methylene  groups  reacted  with  monomethynecyanines  of  type  (I)  analogously 
to  compounds  with  active  methyl  groups.  For  example,  the  following  reaction  occurred  with  N-cyanomethyl- 
pyridlnlum  chloride: 
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The  reaction  of  the  monomethynecyanine  (Ib)  with  cyanoacetamide  and  malonic  ester  yielded  the  con¬ 
densation  products  (V)  and  (VI). 
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Compounds  (V)  and  (VI)  absorbed  at  shorter  wavelengths  with  a  change  to  less  polar  solvents  [for  (V)  Xjp^^ 
in  benzene  was  544  mp.and  for  (VI)  the  corresponding  value  was  494  m/i]. 

Monomethynecyanines  containing  a -naphthopyrilium  nuclei  (VII)  reacted  analogously  with  compounds  con¬ 
taining  active  methylene  groups: 


(III,  o-NO^Cell^SOr 

(VJI) 
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Thiopyrylocyanines  were  cleaved  with  much  more  difficulty.  When  the  monomethynecyanine  (IX)  was 
heated  with  compounds  containing  active  methylene  groups  in  a  mixture  of  acetic  anhydride  and  pyridine,  colon 
appeared  which  were  characteristic  of  the  reaction  products.  However,  it  was  impossible  to  isolate  them  in  an 
analytically  pure  state. 


I  I  > 


I 

Clio 


o-NOoCoHiSO^- 

(IX). 


The  use  of  heterocyclic  compounds  as  substances  with  active  methylene  groups  in  this  reaction  deserves 
paiticular  attention.  The  condensation  of  compounds  (la)  and  (VII)  with  N-alkylrhodanines  and  l-phenyl-3- 
mcthyl-5-pyrazolone  and  also  substance  (Ib)  with  thiobarbituric  acid  yielded  compounds  (X)-  (XIV),  which  are 
tetramethyncmerocyanines  containing  o-hydroxypl)enyl  or  l-hydroxy-2-naphthyl  substituents  in  the  chromophore. 
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A  cooiparlson  of  the  absorption  maxima  of  the  merocyanines  (Xa)  and  (XI)  shows  that  the  nature  of  the 
aryl  substituents  docs  not  appreciably  affect  the  absorption  maxima  of  these  dyes.  Hence,  It  may  be  concluded 
that  the  aryl  substituents  in  these  compounds  lie  perpendicular  to  the  plane  of  the  dye  molecule.  As  in  the  case 
of  9-o-hydroxyphenylthiacarbocyaninc  [3],  the  color  of  these  compounds  did  not  change  In  the  presence  of  alkali. 

The  reaction  between  pyrylocyanines  and  the  compounds  with  active  methylene  groups  was  carried  out  in 
methanol  or  ethanol  in  the  presence  of  anhydrous  sodium  acetate.  Tlte  merocyanines  (X)-(XIV)  were  formed 
particularly  readily.  The  dyes  were  obtained  in  quantitative  yields  in  the  cold.  In  cases  were  the  condensation 
was  carried  out  with  compounds  of  acyclic  structure,  the  reaction  proceeded  much  less  smoothly  and  was  often 
accompanied  by  the  formation  of  by-products  (as  a  spectroscopic  study  of  di-  and  tricarbocyanines  with  o-hy- 
droxyphenyl  substituents  in  the  chromepkore  showed).  The  pyrylocyanines  did  not  react  under  the  given  con¬ 
ditions  with  less  active  compounds  [4]  (benzyl  cyanide,  phenylacetic  add,  etc.). 

On  the  basis  of  tlie  material  presented  in  this  and  previous  work  [1]  it  must  be  concluded  that  pyrylo- 
cyanines  of  type  (I)  react  with  compounds  containing  active  methyl  or  methylene  groups  in  a  manner  which 
differs  fundamentally  from  that  in  which  flavylium  salts  react  [5].  The  reaction  described  involves  opening  of 
the  benzopyrylium  ring.and  in  this  respect  it  is  more  similar  to  the  reactions  of  pyrylium  salts  with  nucleo¬ 
philic  agents  (6). 

In  conclusion,  it  should  be  emphasized  that  monomeihynecyanines  containing  benzopyrylium  nuclei  may 
react  with  nucleophilic  agents  only  if  these  nuclei  dc  not  contain  aryl  groups  in  position  2.  For  example,  the 
flavylonionomethynecyanine  (XV) 
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(XV) 

(XVI) 


was  found  to  be  inert  toward  ail  the  nucleophilic  agents  we  tested.  This  Is  supported  by  the  fact  that  the  reac¬ 
tion  of  (4-navylo)-(4’-benzopyrylo)-monometliynecyanine  perchlorate  (XVI)  with  2-methylbenzthiazoTe  ethoto- 
sylatc  forms  a  flavylothiadicarbocyanine  [1]  and  not  a  polymethyne  dye  with  a  longer  chain,  i.e.,  the  flavylium 
nucleus  is  not  touched  in  this  case. 


EXPERIMENTAL 

(3-Methylbenzthiazole-2)-(3*-ethylbenzthiazole-2*)-9-(o-hydroxyphenyl)-13-phenyltricarbocyanine 
perchlorate  (11a).  A  mixture  of  0.245  g  of  2-[(y  -benzopyranylidene)-methyl]-benzthiazole  metho-o-nitro- 
benzenesulfonate  (la)  [7]  and  0.255  g  of  6-phenylpropenylbenzthiazole  ethiodide  [3]  was  dissolved  in  40  ml  of 
hot  methanol,  the  solution  filtered  and  0.05  g  of  anhydrous  sodium  acetate  added  to  it,  and  heating  continued 
for  a  further  30  min.  To  the  cooled  solution  was  added  10  ml  of  an  aqueous  solution  of  potassium  iodide.  After 
the  soluticMi  had  been  kept  for  4-5  hr,  the  dye  liberated  was  collected  and  washed  on  the  filter  with  alcohol, 
water,  and  again  alcohol.  We  obtained  0.12  g  (34<ye)  of  the  substance.  The  green,  lustrous  leaflets  had  m.  p. 
188*. 
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round  <1cz  1 17.85, 17.91.  CjeHaiONiSj!.  Calculated  1 18.19. 

The  dye  was  converted  to  the  perchlorate  by  adding  a  methanol  solution  of  sodium  perchlorate  to  a  meth¬ 
anol  solution  of  the  dye.  The  green,  lustrous  crystals  had  m.  p,  189*, 

Found  <7c:  S  9.45,  9.52.  CjcHaiOsNjS^Cl,  Calculated  <1cz  S  9.54. 

3.3*-Dlethyl-9-(o-hydroxyphenyl)-13-phenylthiatrlcarbocyanii.e  perchlorate  (lib).  A  mixture  of  0.51  g 
of  2-[y  -bcnzop>Tanylidenc)-mcthyl]-bcnzihiazole  etho-o-nitrobcnzenesulfonate  (Ib)[7],  0.45  g  of  fl-phenyl- 
propcnylbcnzthiazole  ethiodide,  and  0,1  g  of  anhydrous  sodium  acetate  In  45  ml  of  anhydrous  methanol  was 
boiled  for  40  min  on  a  water  bath.  To  the  cooled  solution  was  added  10  ml  of  an  aqueous  solution  of  potassium 
iodide.  The  dye  which  had  precipitated  after  the  solution  had  stood  for  3hourswas  collected  and  washed  on  the 
filter  successively  with  mcihanol,  water,  methanol,  and  ether.  We  obtained  0,35  g  (50'^)  of  the  substance.  The 
fine  green  leaflets  had  m,  p.  192*.  The  dye  was  converted  to  the  perchlorate  by  adding  a  methanol  solution  of 
sodium  perchlorate  to  a  nicchanol  solution  of  the  dye.  The  lustrous  green  needles  had  m,  p.  207*. 

Found  <yc;  S  9.27,  9.37,  C37H33O5N2S2CI.  Calculated  <%:  S  9.35. 

3,3*-Dicthyl-9-(o-hydroxyphcnyl)-13-(p-methoxvphenyl)  •thiatricarbocyanine  perchlorate  (III).  A  mixture 
of  0.254  g  cf  the  monomcthynecyaninc  (Ib)  and  0.24  g  of  2-6-(p-meihoxyphenyl)-propenylbenzthiazole  ethoto- 
sylatc  [3]  was  dissolved  in  20  ml  of  hot  anhydrous  mcrJianol  and  then  0.05  g  of  anhydrous  sodium  acetate  added 
and  the  solution  left  at  room  temperature  for  24  hr.  To  the  solution  was  added  3  ml  of  an  aqueous  solution  of 
potassium  iodide  and  the  mixture  left  overnight.  The  precipitated  dye  was  collected  and  waslx'.d  on  the  filter 
with  several  drops  of  methanol  and  water.  We  obtained  0.1  g  of  the  dye.  The  lustrous  green  leaflets  had 

m.  p.  179’. 

Found  <7c:  I  16.81,  16.65.  C38H35O2N2S2I.  Calculated  1  17.12. 

N-f  5-(3*-Mcthylbenzthiazolinylidcnc-2*)-4-(o-hydroxyphenyl)-l-cyanopcnta-l,3-dien-l-yl]-pyridinium 
perchlorate  (IV).  A  mixture  of  0.494  g  of  the  monomcthynecyanine  (la),  0.19  g  of  N-cyanomethylpyridinium 
chloride  [8],  0.1  g  of  anhydrous  sodium  acetate,  and  5  ml  of  anhydrous  ethanol  was  heated  for  3  min.  Tlie  oily 
product  which  precipitated  when  tlic  cooled  mixture  was  diluted  with  ether  was  washed  with  ether  by  decanta¬ 
tion.  The  substance  was  converted  to  the  perchlorate  by  treating  a  methanol  solution  of  it  with  an  aqueous 
solution  of  sodium  perchlorate.  Rccrystallization  from  ethanol  yielded  0.34  g  (66.5'^)  of  a  dark  blue  substance 
with  a  metallic  luster. 

Found  7c:  N  7.90,  8.01.  C25H20O5N3SCI.  Calculated  ‘Jt:  N  8.24. 

l-(3*-Ethylbenthiazolinylidcne-2*)-2-(o-hydroxyphcnyl)-5-cyano-5-carbamidopcnta-2,4-diene  (V).  A 
mlxtiue  of  1.02  g  of  tlie  pyrylocyanine  (Ib),  0.2  g  of  cyanoacetamide,  0.2  g  of  anhydrous  sodium  acetate,  and 
10  ml  of  anhydrous  ethanol  v/as  licated  for  3  min.  The  precipitated  product  was  collected,  waslicd  on  the  filter 
with  water,  and  rccrystallizcd  twice  from  alcohol.  We  obtained  0.49  g  (63‘)t)  of  the  substance.  The  black  prisms 
with  a  metallic  luster  had  m.  p.  215*. 

Found  N  10.49.  10.57.  C22H19O2N3S.  Calculated  N  10.80. 

l-(3*-Ethylbenzthiazolinylidcne-2*)-2-(o-hydroxyphenyl)-5,5-dicarbethoxypenta-2.4-dlene  (VI).  A  mix¬ 
ture  of  0.51  g  of  he  monomcthynecyanine  (Ib),  1  ml  of  malonic  ester,  0,1  g  of  anhydrous  sodium  acetate,  and 
50  ml  of  anhydrous  methanol  was  heated  for  10  min.  Half  of  the  methanol  was  then  removed  on  a  water  bath 
and  the  residue  diluted  with  water.  The  precipitated  product  was  collected  and  chromatographed  in  chloroform 
on  alumina.  The  middle,  brown  zone  was  separated  mechanically.  When  the  methanol  eluate  obtained  from 
this  zone  was  cooled  in  ice  water  the  dye  separated.  Recrystallization  from  ethanol  yielded  0.1  g  (21*^)  of  sub¬ 
stance.  The  lustrous  orange  leaflets  had  m.  p,  174*, 

Found  7::  S  6.92,  6.93.  C26H27O5NS.  Calculated  7=:  S  6.88. 

l-(3*-Methylbenzthiazollnylidene-2*)-2-(l*-hydroxynaphthyl-2*)-5-cyano-5-carbamidopenta-2,4-diene 
(VllI).  A  mLxture  of  0.558  g  of  the  monomethynecyanine  (VII)  [7],  0.1  g  of  cyanoacetamide,  0.1  g  of  anhydrous 
sodium  acetate,  and  5  ml  of  anhydrous  ethanol  was  heated  for  5  min.  The  precipitated  product  was  collected 
by  filtration.  Recrystallization  from  xylene  yielded  0.24  g  (56.57=)  of  substance.  The  black  needles  with  a 
bronze  luster  had  m.  p.  195*. 
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FoutkI  N  9.26.  9.24.  CjsHjiOjNjS.  Calculated  N  9.57. 

3“Methyl-5-fl*-(3*-inethylbcn7thlazollnylldene-2*)-2*-(o-hyclfoxyphcnyl)-butenylldene-4*l-thlazolld- 

ene-2-thion-4-one  (Xa).  A  mixture  of  0.988  g  of  the  monomethynecyanlne  (la)  and  0.37  g  of  3-methylrhodanlne 
was  dissolved  In  200  ml  of  hot  anhydrous  methanol.  The  solution  was  filtered  and  0.2  g  of  anhydrous  sodium 
acetate  added.  After  the  mixture  had  been  kept  at  room  temperature  for  4  hr,  the  precipitated  dye  was  collected 
and  washed  on  the  filter  with  hot  methanol.  We  obtained  0.83  g  (98. 5<^)  of  substance.  The  green  leaflets  had 
m.  p.  221-222*. 

round  <^1  S  22.17.  22.07.  CzjHigOjNjSj.  Calculated  S  21.92. 

The  tetramethynemerocyaninc  (Xb)  was  obtained  from  the  monomethynecyanlne  (la)  and  3-ethylrhodanine 
analogously  to  the  previous  compound.  The  yield  was  93*70.  The  lustrous  green  leaflets  had  m.  p.  235-236*. 

Found  ajci  S  21.39,  21.21.  CjaHjoOgNjS,.  Calculated  S  21.24. 

The  tetramethynemerocyanine  (Xc)  was  obtained  from  the  monomethynecyanlne  (la)  and  3-phenylrho- 
daninc  analogously  to  the  teiramethyncmcrocyanine  (Xa).  The  yield  was  70'73. 

The  lustrous  blue-green  platelets  had  m.  p.  217-218*. 

Found  <7c:  S  18.87. 19.18.  CjjUzoOgNjSg.  Calculated  fc:  S  19.20. 

3-McthyI-5-[l*-(3*-mcthylbcnzthiazollnylidenc-2")-2-(l''-hydroxynaphthyl-2*')-butcnylidene-4*l- 
t!iiazolidiric-2-thion-4-onc  (XI).  A  mixtuic  of  0.27  g  of  the  monomcthynccyanine  (VII)  [7],  0.088  g  of  3-methyl- 
rhodanine,  0.05  g  of  anhydrous  sodiunt  acetate,  and  50  ml  of  anhydrous  methanol  was  licated  for  5  min.  The  dye 
was  collected  and  washed  on  the  filter  with  methanol.  We  obtained  0.225  g  (92.5*7-)  of  substance.  On  reervs- 
tallization  from  nitromcthanc,  the  product  formed  dark  blue  platelets  with  a  green  iridescence  and  with  dec.  p. 
228*. 

Found  7c:  S  19.50,  19.59.  020112002^253.  Calculated  *7;  S  19.67. 

l-Phcnyl-3-mcthyl-4  -[l*-(3*-mcthylbenzthiazolinylidenc-2*)-2*-(o-hydroxyphenyl)-butenylidene-4']- 
pyrazolld-5-one  (XII).  A  mixture  of  0.49-4  g  of  the  monomcthynccyanine  (la),  0.226  g  of  1-phenyl -3-methyl- 
5-pyrazolonc,  0.1  g  of  anhydrous  sodium  acetate,  and  10  ml  of  anhydrous  ethanol  was  heated  for  5  min.  The 
dye  was  collected  and  washed  on  tlic  filter  with  ethanol  and  water.  Rccrystalllzation  from  benzene  yielded 
0.42  g  (907t)  of  substance.  The  fine  blue  needles  liad  m.  p.  231*. 

Found  7c:  N  8.80.  8.85.  C28H23^2^’3^*  Calculated  7®:  N  9.03. 

The  tetramethynemerocyanine  (XII)  was  obtained  from  the  monomethynecyanine  (VII)  and  l-phenyl-3- 
mcthylpyrazolonc  analogously  to  the  previous  compound.  The  yield  was  96*^.  Recrystallization  from  niuo- 
methane  gave  dark  green  platelets  with  dec.  p.  220*. 

Found  <7::  N  8.03,  7.86.  CazHy.sO^NjS.  Calculated  7c:  N  8.16. 

5-[l*-(3*-E:hylhcnzthiazolinylidcnc-2")-2*-(o-hydroxyphenyl)-butenylidene-4*]-2-thiobatbiturlc  acid 
(XIV).  A  mixture  of  0.51  g  of  the  monomethynecyanine  (Ib)  and  0.173  g  of  thiobarbituric  acid  was  dissolved 
in  50  ml  of  hot  anhydrous  methanol,  the  solution  filtered,  and  0.2  g  of  anhydrous  sodium  acetate  added.  After 
being  heated  for  3  min,  the  mixture  was  left  at  room  temperature  for  2  hr.  The  precipitated  product  was  col¬ 
lected  and  washed  on  the  filter  with  methanol,  water,  methanol  again,  and  ether.  We  obtained  0.38  g  (84.5*7) 
of  dye.  The  dark  blue  crystals  had  dec.  p.  315*. 

Found  7c:  S  14.20, 14.31.  C23H19O3N3S,.  Calculated  7c:  S  14.25. 

SUMMARY 

1.  It  was  shown  that  during  the  reaction  of  monomethynecyanines  containing  4-benzopyrylium  residues 
with  quaternary  salts  of  2-(6-aryl)-propenylbenzthiazole  there  is  cleavage  of  the  benzopyryllum  ring  to  form 
tricarbocyanines  widi  o-hydroxyphenyl  groups  as  substituents  in  the  chromophore. 

2.  The  reaction  of  monomethynecyanine  containing  4-benzopyrylium  nuclei  with  compounds  containing 
active  methylene  groups  was  studied.  It  was  shown  that  this  reaction  may  be  used  to  prepare  tetramethynemero* 
cyanines  with  o-hydroxyphenyl  groups  as  substituents  in  the  chromophore. 
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3,  An  analogous  reaction  occurs  with  monomeihynccyanines  containing  4-a-naphthopyrylium  residues. 

4,  The  absorption  spectra  of  the  dyes  obtained  were  studied. 
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Continuing  the  Investigation  of  additions  to  a  triple  bond  conjugated  with  a  negative  heterocyclic  residue 
[1],  we  synthesized  N-methyl-2-phenylacetylenylpyrIdinlum  (I),  N-methyl-4-pheuylacetylenylpyrIdlnlum  (C), 
and  N-methyl-2,6-bl3(phenylacetylenyl)pyrldlnlum  salts  (III)  by  methylation  of  the  bases,  which  have  been 
described  in  literature  [2-5], 

n 

C-CJI5  ^-C-C-Collj  CcIla-C=C-\  J-C=C  -CalI; 

i 

X-  X-  CII3  X- 

(I)  (11)  (111) 

The  ultraviolet  spectra  of  2-phenylacetylcnylpyridinium  and  especially  2,6-bIs(phenylacetylenyl)pyrldI- 
nlum  quaternary  salts  showed  a  bathochromic  displacement  of  the  absorption  maxima  in  comparison  with  the 
corresponding  styryl  derivatives.  On  the  other  hand,  the  replacement  of  tlie  double  bond  by  a  triple  bond  In 
tlie  4-derivatives  produced  a  hypsocluomic  displacement  of  the  maximum. 

Like  quaternary  salts  of  2-phenylacetylenylquinoline  [1],  their  pyridine  analogs  were  capable  of  adding 
various  nucleophilic  reagents.  The  action  of  sodium  hydrosulfide  on  the  methosulfates  of  N-methj'1-2-  and 
4-phenylacetylenylpyridines  yielded  yellow  N-methylthiobenzoylmethylenedihydropyridines  (IVa  and  IVb), 


-C:= 


Clin 


l| 

!:  ,Ucil— CS-Cells  CH3— N  >=CII-CS-CeH5 

CII3  (IVa)  (IVb) 

Treatment  of  alcohol  solutions  of  the  perchlorates  of  (1)  and  (II)  with  piperidine  yielded  the  crystalline 
addition  products  (Va)  and  (Vb),  Under  the  same  conditions,  N-methyl-2,6-bls(phenylacetylenyl)pyrIdinlum 
perchlorate  (HI)  added  two  molecules  of  piperidine  to  form  the  f^oduct  (VI). 
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Merocyanines,  derivatives  of  N-methylrhodanlne,  were  obtained  with  the  usual  ease  by  the  action  of  trl- 
ethylamine  on  an  alcohol  solution  of  N-methylrhodanine  and  a  phenylacetylenylpyrldinc  quaternary  salt.  Under 
these  conditions  N-methyl-2,6-bis(phenylacetylenyl)pyrldinium  perchlorate  condensed  with  only  one  molecule 
of  N- methyl rhodsnine  to  form  the  dye  (VII). 

n  •• 

CoHs-C^C-",  /UCII-C=C  —  S 

I  I 

I  0=^(1  C=S 

CH3  \n/ 


The  structure  of  this  dye  was  confirmed  by  the  fact  that  its  infrared  spectrum  contained  a  band  with  a 
frequency  of  2223  cm"^,  wliich  is  characteristic  of  monophenylacetylenylpyridines. 

Phenylacetyienylpyridine  quaternary  salts  underwent  the  carbocyanine  condensation  with  much  more  dif¬ 
ficulty  than  N-meihyl-2-phenylacetylenylquinolinium  salts.  For  the  synthesis  of  unsymmetrical  mesophenyl 
pyridocarbocyanines,  it  was  necessary  to  boil  the  salt  (I),  (II)  or  (III)  In  alcohol  with  triethylamlnc  and  the  qua¬ 
ternary  salt  containing  the  active  methyl  group,  wliile  In  the  case  of  heterocycles  of  lower  basicity,  for  example 
trimcthylindolcnine.  the  condensation  had  to  be  carried  out  in  boiling  acetic  anhydride.  Despite  the  fact  that 
the  salt  (III)  formed  intensely  colored  products  uitder  these  conditions,  we  were  unable  to  isolate  individual  dyes 
from  them.  Similarly,  we  did  not  isolate  mesophenyl-4,4*-pyridocarbocyanine  in  a  pure  foiui.  although  the 
absorption  curve  of  the  reaction  product  in  alcohol  solution  made  it  possible  to  assign  to  it  reliably  an  absorp¬ 
tion  maximum  of  608  mp. 

The  absorption  maxima  and  intensities  and  also  the  deviations  (A)  for  unsymmetrlcal  dyes  and  displace¬ 
ments  of  the  absorption  maxima  (6 )  as  a  result  of  replacement  of  a  hydrogen  atom  in  a  meso  position  by  a  phenyl 
group  for  alcohol  solutions  of  the  dyes  we  synthesized  are  given  in  the  table.  The  unsymmetrical  pyridocarbo¬ 
cyanines  not  containing  phenyl  radicals  which  are  given  in  the  table  were  prepared  by  condensation  of  anllido- 
or  aretanilidovinyl  derivatives  of  N-methylquinolinium,  N-methylbenzthiazolium,  and  N-methylindoleninium 
with  methiodides  of  a-  and  y  -plcolines  [6], 

A  comparison  of  the  absorption  maxima  of  the  dyes  given  in  the  table  shows  that  the  introduedon  of  a 
phenyl  group  into  2,2*-pyridocarbocyanlne  (VIII)  disrupts  the  coplanarity  of  the  heterocyclic  nuclei  due  to 
steric  hindrance  as  with  isosteric  2,2*-quinocarbocyanine  (XII)  [1, 12, 13],  On  the  other  hand,  in  the  molecule 
of  mesophenyl-4,4*-pyridocatbocyanine  (XXI),  the  absence  of  a  methyl  group  in  close  proximity  to  the  poly- 
methyne  chain  allows  the  heterocycles  to  remain  copnanar  or  almost  coplanar.  In  this  case  there  is  a  small 
bathochromic  displacement  as  in  the  case  of  mesophenylthiocarbocyanine  (XXVII),  For  the  unsymmetrical  dyes 
(XXn)  and  (XXIVXwith  nuclei  which  are  very  different  in  basicity,  the  bathochromic  displacements  (  6)  produced 
by  the  introduction  of  a  phenyl  group  were  found  to  be  comparatively  small.  In  the  chains  of  these  dyes  the  bonds 
are  already  of  different  orders.and  the  rotation  of  the  nuclei  occurs  through  bonds  of  low  order.  Disruption  of  tlie 
coplanarity  of  the  nuclei  of  an  unsymmetrical  dye  increases  the  deviation  and  reduces  the  molar  extinction  coef¬ 
ficient.  For  the  unsymmetrical  mesophenylpyridothiocarbocyanine  (XXV),  the  pyridine  and  benzthiazole  nuclei 
retain  their  coplanarity  and  the  values  of  the  deviation  and  molecular  extinction  remain  unchanged  in  compari¬ 
son  with  the  unsubstituted  dye  (XIVl. 

For  the  pyridoindocarbocyanines  (XXTI)  and  (XVIII)  the  deviations  are  very  large.  The  heterocycles  of 
these  dyes  differ  sharply  in  basicity.  The  bonds  in  their  chains  are  no  longer  equalized  and  approach  alternating 
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single  and  double  bonds.  The  introduction  of  a  phenyl  into  the  meso  position  (dyes  XXVfll  and  XXIX)  here  leads 
to  the  rotation  of  the  heterocycles  about  the  bonds  which  are  almost  single.  This  results  in  not  bathochromic, 
but  strong  hypsochromic  displacements  of  the  maxima  f>.  At  the  same  time,  the  introduction  of  phenyl  groups 
produces  a  decrease  in  absorption  intensity  by  a  factor  of  almost  ten, 

EXPERIMENTAL 

2-Phcnylacetylenylpyridiiie  was  obtained  by  the  method  iti  [2],  We  were  able  to  crystallize  this  prepara¬ 
tion,  which  was  described  as  a  liquid,  by  cooling  it  to  low  temperature  (ether  and  solid  carbon  dioxide).  The 
hexagonal  tablets  had  m.  p.  32.5*.  The  infrared  spectrum  had  a  triple  bond  band  at  2226  cm"*. 

Found  Icz  N  7.68,  7.72.  C^IUN.  Calculated  N  7.82. 

4-Phetiylacetylenyipyridine  [3]  had  m.  p,  101-103’  (102-104*  [5]),  The  infrared  spectrum  of  a  CCl4  solu¬ 
tion  had  a  band  at  2225  cm”*, 

2.6-bis(phcnylacctylcnyr/pyridine  [2]  had  m.  p,  137-138*.  The  Infrared  spectrum  had  a  band  at  2217  cm"*. 

The  N-mcthyl  mcthosulfates  were  obtained  by  the  action  of  dimethyl  sulfate  in  benzene  on  the  above  bases. 
The  perchlorates  were  prepared  by  precipitation  with  a  methanol  solution  of  sodium  perchlorate  from  methanol 
solutions  of  the  mcthosulfates. 

N-Mcthyl-2  •phenylacctylenylpyridinium  methosulfate  was  purified  by  solution  in  chloroform  and  precipita¬ 
tion  with  acetone.  It  formed  prisms  with  m,  p.  111-112*. 

N-Mctliyl-2-{)hcnylacetylcr.ylpyridinium  percldorate  formed  oblique  tablets  with  m.  p.  156-157*. 

Ultraviolet  spectrum  (in  alcohol):  ^max  336.5,  259  and  224  mp  (log€  4.47,  4,14  and  4.40).  Found 
Cl  12.14,  12.22.  Ci411k04NC1.  Calculated  Cl  12.07. 

N-Mctliyl-4-plienylacctylcnylpyridiniuni  methosulfate  formed  prisms  with  m.  p.  183*  after  recrystalliza¬ 
tion  from  alcohol. 

Ultraviolet  spectrum:  ^niax  336,  281  and  235  mp  (log  €  4,41,  3.93  and  4,05).  Found  S  10.53,  10.36. 
CJ5H15O4NS.  Calculated  Vc;  S  10.50, 

N-Methyl-4-phcnylacctylcnylpyridinium  perchlorate  formed  needles  with  m.  p.  158*  (from  methanol). 

Found  7c:  Cl  12.51,  12.46.  C14H12O4NCI.  Calculated :  Cl  12.07. 

N-Mcthyl-2.G-bis(phcnylacetylenylpyrldinium  perchlorate  formed  long  needles  with  m.  p.  226*  (decomp., 
from  alcohol). 

Ultraviolet  spectrum:  265-305,  224  mp(log  c  4.45,  4.20,  4,44).  Found  Cl  9.04,  9.14. 

C22ni604NCl.  Calculated  %:  Cl  9.00. 

The  following  salts  were  obtained  analogously  from  styrylpyridines. 

N-Mcthyl-2-styrylpyridinium  perchlorate  formed  prisms  with  m.  p.  178*  (from  methanol). 

Ultraviolet  spectrum:  Xn^ax  332.  263  mp  (logc  4.15,  3.77).  Found  ic:  Cl  12.02,  12.06.  C14H14O4NCI. 
Calculated  Cl  11.99. 

N-Mcthyl-4-styrylpyridinium  methosulfate  formed  prisms  with  m.  p.  184-185*  (from  methanol). 

Uluaviolet  spectrum:  Xjp3x  345,  242  mp  (loge  4.41 ,  4.00).  Found  S  10.28,  10.34.  Ci5Hif34NS, 
Calculated  7.:  S  10.43. 

N-Methyl-2.6-bls(styryl)pyridinium  f)erchloraTe  formed  yellow  spherical  aggregates  of  crystals  with  m.  p. 
207*  (from  methanol). 

Ultraviolet  spectrum:  349,  288,  208  mp  (log  c  4.26,  4.28,  4.40).  Found  ofe:  Cl  9.02,  9.17. 

CoHjoQiNCl.  Calculated  Cl  8.91. 

N-Methyl-2-thiobenzoylmethylene-1.2-dihydropyridine  (IVa).  To  a  solution  of  0.7  g  of  Na2S»9H20  in 
3  ml  of  methanol  was  added  a  solution  of  0,3  ml  of  concentrated  hydrochloric  acid  in  3  ml  of  methanol  and 
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then,  with  stirring,  a  solution  of  0,5  g  of  the  mcthosulfatc  (I)  in  3  ml  of  methanol.  The  methanol  was  removed 
on  a  water  bath,  the  residue  diluted  with  water,  and  the  precipitate  recrystallized  from  methanol.  The  jrlcld 
was  0,30  g  (82'7e)  of  orange  prisms  with  m,  p,  166*,  ^niax  461  m/i  (log  €  4,27), 

Pound'll:  5  13,96,  14.06,  C14H13NS.  Calculated  7c;  5  14,11, 

N-Methyl-4-thlobenzoylmethylcne-1.2-dihydropyridine  (fVb)  was  obtained  exactly  as  the  previous  prep¬ 
aration  in  77^  yield.  The  bright  red  octahedra  had  m,  p,  212-213*,  ^ max  468  m/i  (log  €  4.48), 

Found  5  13,96,  14,01,  CmHijNS.  Calculated  5  14,11. 

N-Mcthyl -2-(o  -piperidylstyfyl)-pyridin»um  perchlorate  (Va).  To  a  suspension  of  0.25  g  of  the  perchlo¬ 
rate  (I)  in  2  ml  of  methanol  was  added  0.1  g  of  piperidine.  The  salt  dissolved  on  heating,  and  when  the  solu¬ 
tion  cooled  it  deposited  yellow  tablets  with  m,  p.  182-184*.  The  yield  was  0.29  g  (90<7o).  ^max  406  m/i  (log 
€  4.50). 

Found  *51;  N  7.38,  7.48,  C19H23O4N2CI.  Calculated  7c:  N  7.40. 

N-Methyl-4-(a -piperidylstyryl)-pyridinium  perchlorate  (Vb)  was  obtained  In  exactly  the  same  way  as  the 
previous  compound.  The  light  yellow  prisms  had  m.  p,  134-135*.  412  m/i  (log  €  4,75), 

Found  7c:  N  7.14,  7.29.  C19H23O4N2CI.  Calculated  ‘Jc:  N  7.40. 

N-Mcthyl-2,6-bis(  a -plperidylstyryll-pyridinium  perchlorate  (VI)  was  obtained  by  the  same  method.  The 
light  yellow  prisms  Iiad  m.  p.  210-211*.  X^ax  452  mp  (log  c  4,61), 

Found  7e;  N  7.29,  7.40.  C32H3AN3CI.  Calculated  7c:  N  7.45. 

3-Mcthyl-5-[  a  -plicnyl  -6 -(l*-metliyldihydropyrldylidene-2*)-etliylidene]-rhodanine.  To  a  solution  of 
of  0.5  g  of  the  meiliosulfatc  (I)  and  0.23  ml  of  tricthylamine  was  added  0.26  g  of  N -methyl rhoda nine  In  2  ml 
of  alcohol.  The  precipitate  was  recrystallized  from  alcohol.  The  black  prisms  had  m,  p.  227*.  The  yield  was 
0.36  g  In  alcohol  X^^^^x  chloroform  577  mp  (log  e  4.77). 

Found  •%:  5  18.45,  18.64.  C13II16ON2S2.  Calculated  7::  S  18.84. 

3-M ethyl -5-[a-phcnyl-fl-(l*-mctliyldihydropyrldylidene-4*)-ethylldene]-rhodanine  was  obtained  ana¬ 
logously.  Tlie  dark  prisms  with  a  bronze  luster  had  m.  p.  248*;  the  yield  was  447c,  In  alcohol.  Xmax  678  mp 
and  in  chloroform  595  mp  (log  c  4,62), 

Found  7c:  S  18.94,  18.99.  C18H16ON2S2.  Calculated  7r:  S  18,84. 

3-Mctliyl-5-[a  -phenyl  -  B  -(l*-methyl-6*-phcnyIacctylenyldlhydropyridylIdene-2*)-ethylIdene3-rhodanine 
(VII)  was  obtained  as  above  from  0,5  g  of  the  perchlorate  (III),  0.3  g  of  N-methylrhodanlne,  and  0,2  ml  of  tri- 
ethylamlne  in  10  ml  of  methanol.  The  preparation  was  purified  by  precipitation  with  methanol  from  chloro¬ 
form  solution.  The  dark  prisms  had  m.  p.  247-249*;  the  yield  was  0.40  g  In  alcohol  Xj^j^  681  mp 

and  in  chloroform  586  mp  (log  e  4.58). 

Found  7c:  5  14.31,  14.26.  C26H20ON2S2.  Calculated  S  14.56. 

l.l*-Dimethyl-8-pheP.yl-2,2*-pyrldocarbocyanIne  perchlorate  (XX).  A  mixture  of  0.5  g  of  the  metho- 
sulfate  (I),  0.5  g  of  a-picoline  methiodide,  0.23  ml  of  triethylamine,  and  2  ml  of  alcohol  was  boiled  for  15 
min,and  then  a  solution  of  0.3  g  of  sodium  perchlorate  in  2  ml  of  water  was  added.  The  dye  was  washed  with 
water  and  chromatographed  in  acetone  on  alumina.  We  obtained  0.117  g  (187))  of  prisms  with  a  bronze  luster 
and  m.  p.  226*. 

Founder  N  6.81,  6.75.  C2iH2i04N2Cl.  Calculated  7 :  N  6.99. 

l,3*-Dimethyl-8-phenyl-2-pyridotluocarbocyanine  perchlorate  (XXIV).  This  was  obtained  analogously 
to  the  previous  dye.  Tlie  black  prisms  had  m,  p,  228-229*  (decomp.)  and  the  yield  was  4.57. 

Found  7:  Cl  7.78,  7.95.  C23H21O4N2SCI.  Calculated  7:  Cl  7.76. 

l.l*~PImethyl-8-phenyl-2-pyrido-2*-quinocarbocyanine  perchlorate  (XXII)  was  obtained  by  the  siine 
method.  It  was  purified  by  a  second  recrystallization  from  irethanol.  The  bronze  leaflets  had  in.  p,  192-193* 
and  the  yield  was  327. 
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Found  Cl  8.05,  8.04.  C  J5H23O4N2CI.  Calculated  Cl  7.86. 

l.l*-Dtmethyl-8-phenyl-4,4-pyridcx:affaocyanine  (XXI)  was  not  obtained  In  a  pure  form.  Under  the  con¬ 
ditions  of  the  preparation  of  the  previous  dyes,  an  intense  blue  tarry  precipitate  was  formed.and  a  freshly  pre¬ 
pared  alcohol  solution  of  this  had  a  single  narrow  absorption  band  in  the  visible  part  of  the  spectrum  at  608  m|i, 

1.3*-Dimethyl-8-phenyl-4-pyridothiocarbocyanlne  perchlorate  (XXV).  A  mixture  of  0.2  g  of  the  metho- 
sulfate  (11).  0.2  g  of  2,3-dimcthylbcnzthiazolium  methosulfate,  0.2  ml  of  trieihyl amine,  and  1  ml  of  acetic  an¬ 
hydride  was  heated  at  120*  for  15  min.  The  dye  was  precipitated  with  ether,  dissolved  in  water,  and  precipitated 
with  sodium  perchlorate.  The  precipitate  was  chromatcgraphed  in  acetone  on  alumina  and  recrystallized  twice 
from  methanol.  The  red  prisms  with  a  green  luster  had  m.  p.  23A-‘J38*  and  tlie  yield  was  33  mg(ll<^). 

Found  Cl  7.69,  7.67.  C23U21O4N2SCI.  Calculated  Cl  7.76. 

l.l*.3*.3*-Tetratnethyl-8-phenyl-2-pyridoindocarbocyanine  perchlorate  (XXVIU).  A  mixture  of  0.5  g  of 
the  methosulfate  (I).  0.5  g  of  2,3,3-irimcthylindolenine  methiodidc.  and  4  ml  of  acetic  anhydride  was  treated 
as  in  the  previous  case.  The  dye  was  precipitated  with  sodium  perchlorate.  Tlie  yield  of  dark  red  prisms  with 
m.  p.  233-234*  (decomp.)  (from  methanol)  was  0.22  g  (29'%), 

Found  ‘7t:  Cl  7.70,  7.68.  C2cU2r04N2Cl.  Calculated Cl  7.59. 

ltl*,3*.3*-Tctramcthyl-8-phcnyl-4-pyridoindocarbocyaninc  perchlorate  (XXIX)  was  obtained  by  the  same 
method  from  the  methosulfate  (II).  The  yellow  leaflets  had  m.  p.  238-240*  (decomp.,  from  alcohol)  and  the 
yield  was  48*%. 

Found  'A:  Cl  7.42,  7.46.  C26H27O4N2CI.  Calculated  >%•.  Cl  7.59. 

l.l*-nimcthyl-2-pyrido-2*-quinocarbocyanine  iodide  (X).  A  mixture  of  0.2  g  of  ot-picoline  methiodidc, 
0.2  g  of  2-anilinovinylquinoline  methiodide,  0.1  ml  of  triethylamine,  and  1  ml  of  acetic  anhydride  was  heated 
at  125*  forlO  min.  The  dye  was  precipitated  with  ether  and  recrystallized  from  alcohol.  The  black  crystalline 
powder  had  m.  p.  240*.  In  alcohol  ^max  Ooge  4.96,4.88).  Analogous  dyes  with  ethyl  groups  at  the 

nitrogen  atoms  have  been  described  by  Ogata  (6)  and  Kotaki  [14]. 

F-ound  i,:  131.21,31.37.  C^lIuNjI.  Calculated  131.55. 

l.l*-01rnc.thy]-4-pyrido-2*-quinocarbucyanine  iodide  (Xi)  was  obtained  in  tlie  same  way  as  the  previous 
one.  It  formed  a  crystalline  powder  with  a  bronze  luster. 

Ultraviolet  spectrum  (in  alcohol):  597,  559  mp  (log  c  4.99,  4.87).  Found  •%:  131,16,31.27. 

C19H19N2I.  Calculated  '7t:  I  31.55. 

l,3*-D:mcthyl-2-pyridothiocarbocyanine  iodide  (XIII)  was  obtained  by  the  same  method.  The  violet 
crystalline  powder  had  m.  p.  244*. 

Found  7c:  I  30.26,  30.28.  C„H,7N2GL  Calculated  ‘jt;  1  31.08. 

1 .3'-nimethyl-4-pyridothlacarbocyanine  iodide  (XIV).  This  was  obtained  by  the  same  method.  The 
violet  needles  had  m.  p.  253*  (from  alcohol)  and  the  yield  was  71<%, 

Found  7f:  I  31.69.  31.79.  CijHnNjSI.  Calculated  <%:  1 31.08. 

l.l*.3*,3*-Tetramethyl-2-pyridoindocarbocyanine  iodide  (XVII).  The  dye  was  obtained  by  boiling  a  mix¬ 
ture  of  0.5  g  of  a  -picoline  metliiodide.  0.5  g  of  2-acetanilidovinyl-3.3-dimethylindolenine  methiodide.  0.25  ml 
ol  triethylamine,  and  2  ml  of  acetic  anhydride;  the  yield  was  0.28  g  (38<%)  of  dark  red  prisms  with  m.  p.  249- 
250*  (decomp.,  from  alcohol).  An  analogous  dye  with  an  ethyl  group  at  the  nitrogen  atom  of  the  pyridine  nuc¬ 
leus  has  been  mentioned  in  the  literature  [15]. 

Found  1  30.16,  30.07.  C20H23N2I.  Calculated  130.34. 

l.l*,3*.3*-Tetramethyl-4-pyridoindocarbocyanine  iodide  (XVIII)  was  obtained  by  the  same  method.  The 
red  crystals  with  a  bronze  luster  had  m.  p.  285*  (from  alcohol)  and  the  yield  was  37*51. 

Found  7c:  I  30.08.  30.04.  C20H23N2L  Calculated  I  30.34. 
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SUMMARY 


Quaternary  salts  of  2-  and  4-phenylacetylenyl-  and  2,6-bis(phcnylaceiylenyl-  and  2,6-bis(phenylacctyl- 
enyl)-pyridines  were  prepared.  It  was  shown  that  these  salts  are  capable  of  adding  sodium  hydrosulfide  and 
piperidine  and  oondenslng  with  compounds  containing  active  methyl  and  methylene  groups.  They  are  less  reac¬ 
tive  than  N-methyl-2-phenylacetylenylquinolInium  salts.  A  scries  of  symmetrical  and  unsymmetrical  dyes, 
mesophenylpyridocarbocyanines,  were  prepared  and  their  absorption  spectra  discussed. 

LITERATURE  CITED 

1.  A.  L  Kiprlanov  and  G.  G.  Dyadyusha,  Zhur.  Obshchei  Khim.  29^,  1708  (1959), 

2.  Germ.  Pat.  594849;  FriedL.^S.  1147  (1928);  G.  Scheuing  and  L.  Wlnterhalder.  Lleb.  Ann.  473.  126  (1929), 

3.  J.  Smith,  jr.,  IL  Stewart,  B.  Roth,  and  E.  Northey,  J.  Am.  Chem.  Soc.  JO,  3998  (1948), 

4.  H.  Begerman,  W.  Eweleens  and  I.  Muller,  Rec.  trav.  chim.JS,  68  (1956). 

5.  R.  LukeS  and  I.  Ernest,  Coll.  Czech.  Chem.  Commun.  14,  679  (1949);  Ch.  A.  44,  7320  (1950). 

6.  T.  Ogata.  Proc.  Imp.  Acad.  Tokyo  8,  119  (1932);  Zbl.  II.  711  (1932). 

7.  L.  Brooker,  F.  White  and  R.  Sprague.  J.  Am.  Chem.  Soc.  73,  1091  (1951). 

8.  L,  Brooker  and  R.  Sprague,  J.  Am,  Chem.  Soc,  67,  1871  (1945), 

9.  L,  Brooker  and  R.  Sprague,  J.  Am,  Chem.  Soc,  63,  3204  (1941), 

10.  E,  Knott  and  A,  Williams,  J.  Chem.  Soc.  1587  (1951), 

11.  A,  I,  Kiprlanov  and  A.  I,  Tolmachev,  Ukr,  Khim.  Zhur.  25,  340  (1959), 

12.  L.  Brooker,  F,  White,  D.  Heseltine,  G,  Keyes,  S.  Dent,  jr.,  and  J.  van  Lare,  J,  Phot.  Sci.  J,  181  (1953). 

13.  A,  I,  Kiprlanov  and  G.  G.  Dyadyusha,  Dopov,  Akad.  Nauk  URSR  1119  (1959), 

14.  Kotaki.  J.  Sci.  Res.  Inst.  (Tokoyo),  49,254  (1955);  Ch.  A.  5^  11317  (1956). 

15.  I.  M.  Kogan,  Chemistry  of  Dyes  (In  Russian]  (Moscow,  1956)  p,  394, 


All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  translitee- 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri¬ 
odical  literature  may  well  be  available  in  English  translation.  A  complete  list  of  the  cover- to- 
cover  English  translations  appears  at  the  back  of  this  issue. 


3619 
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It  is  known  that  by  the  action  of  aliphatic  and  aromatic  organomagneslum  halides,  quaternary  salts  of 
quinoline  are  converted  into  1,2-diaIkyl-  (or  l-alkyl-2-aryl-)l,2-dihydroquinolines,  which  are  readily  oxidized 
by  iodine  to  2-alkyl-(or  2-aryl-)quInoline  alkiodides  [1],  The  use  of  acetylenic  organomagnesium  halides  In 
this  reaction  offers  a  new  method  lor  the  synthesis  of  quaternary  salts  with  a  very  reactive  triple  bond  [2,  3], 
Only  one  attempt,  and  that  unsuccessful,  to  carry  out  tlie  reaction  of  quinoline  methiodide  and  an  acetylenyl- 
magnesium  halide  has  been  described  up  to  now  [4], 

By  the  action  of  propynylmagnesium  bromide  on  quinoline  metliiodide,  we  obtained  crystalline,  unstable 
1  -  methyl -2 -propynyl-l,2-dihydroquinoline  (I), 


1  L-" 

i  < 

1 

1  *1 

c\\. 

1 

CIl, 

(»)  (11) 

This  substance  was  oxidized  by  iodine  in  alcohol, and  even  with  insufficient  iodine  the  difficultly  soluble 
triiodide  precipitated.  Reduction  of  the  triiodide  with  sulfur  dioxide  gave  a  salt  containing  two  atoms  of  iodine, 
probably  as  a  result  of  the  addition  of  hydrogen  iodide  at  the  triple  bond.  Oxidation  of  the  dihydro  derivative 
with  ferric  chloride  yielded  a  salt  containing  iron,  but  we  were  unable  to  obtain  it  in  a  pure  state.  Satisfactory 
results  were  obtained  by  using  a  saturated  solution  of  ferric  sulfate  as  the  oxidant.  Treatment  of  the  aqueous 
alcohol  solution  formed  with  perchloric  acid  precipitated  crystalline  1-methyl -2-propynylquinolinium  perchlor¬ 
ate  (II).  The  structure  of  the  product  was  confirmed  by  the  presence  of  an  absorption  band  at  2230  cm~^  in  its 
infrared  spectrum. 

For  the  oxidation  by  ferric  sulfate,  it  was  possible  to  use  the  unpurified  dihydro  derivative  and  even  the 
ether  solution  of  it  obtained  after  treatment  of  the  organom.agnesium  synthesis  product  with  ammonium  chloride 
and  water.  In  precisely  the  same  way,  from  quinoline  ethiodide  and  phenylacetylenylmagnesium  bromide  we 
obtained  1-phenylacetylenylquinoline  ethoperc  hi  orate,  which  we  had  synthesized  previously  by  a  different  method 
[2]. 

The  triple  bond  in  l-methyl-2-propynylquinolinium  salts  was  as  reactive  in  l-alkyl-2-phenylacetylenyl- 
quinolinium  salts.  The  salt  (II)  readily  added  piperidine  to  form  the  hemicyanine  (III). 
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In  the  presence  of  triethylamine  the  salt  (II)  condensed  In  the  cold  with  N-methylrhodanlne  and  also  with 
quaternary  salts  of  qulnalidine.  2-methylbenzthIazole.  and  2,3,3-trimethyllndolenine  to  yield  tnesomethylcarbo- 
cyanines. 


The  absorption  maxima  of  the  dyes  synthesized  In  this  way  are  given  In  the  table  and  compared  with  the 
absorption  maxima  of  the  corresponding  unsubstituted  and  mesophenyl-substltuted  dyes  (2,  3], 

A  comparison  of  the  absorption  maxima  shows  that,despite  the  difference  in  electronic  nature,  like  the 
phenyl  group  the  methyl  group  in  the  meso  position  of  unsymmetricai  quinocarbocyanines  produces  a  baiho- 
chromic  displacement  of  the  maximum.  This  agrees  with  the  treatment  of  the  effect  of  the  substituent  In  the 
meso  position  of  symmetrical  quinocarbocyanines  as  a  stcric  effect  [5.  7J. 


Absorption  maxima,.  mM 
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•  N,N*-Diethyl  derivative,  ^^niax  652,5  m)i  [5]. 
••N,N*-Diethyl  derivative,  see  [6]. 

EXPERIMENTAL 


l-Methyl-2-propynyl-l. 2- dihydroquinoline  (I).  Allene  was  passed  for  6  hr  into  50  ml  of  an  ether  solution 
containing  0.1  mole  of  ethylmagnesium  bromide.  Over  a  period  of  1  hr,  25  g  of  carefully  dried  and  finely  ground 
quinoline  methiodide  was  added  with  vigorous  stirring  to  the  reagent  obtained.  When  all  the  salt  had  dissolved, 
stirring  was  continued  for  a  further  10  min.and  then  the  reddish,  homogeneous  mass  was  poured  onto  a  mixture 
of  20  g  of  ammonium  chloride  and  80  g  of  ice.  The  ether  layer  was  separated  and  the  residues  washed  with 
50  ml  of  ether.  The  combined  ether  extracts  were  washed  with  water.and  the  ether  was  evaporated  under  reduced 
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pressure.  The  dark  crystalline  mass  obtained  was  recrystallized  from  30  ml  of  methanol.  The  yield  of  colorless 
crystals  with  m.  p.  60-61*  was  7.3  g  (43‘7c).  The  substance  rapidly  darkened  and  turned  to  a  tar  during  storage. 

Found  ojc'.  N  7.C0,  7.88.  CuHijN.  Calculated'^:  N  7.64. 

l-Methyl-2-propynylquinoltnium  perchlorate  (II).  A  4.19-g  sample  of  the  previous  preparation  was  dis¬ 
solved  in  a  mixture  of  1.25  m’  of  concentrated  sulfuric  acid  and  20  ml  of  methanol.and  then  25  g  of  a  saturated 
(40'7fc)  aqueous  solution  of  Fe2(S04)3  and  20  ml  of  methanol  were  added.  After  the  mixture  had  been  boiled  with 
activated  charcoal  and  filtered,  the  filtrate  was  treated  with  4  ml  of  40'^  perchloric  acid.  A  product  (3.38  g  , 
52*^)  which  did  not  contain  iron  salts  gradually  crystallized.  It  was  recrystallized  from  80  ml  of  alcohol.  It 
had  m.  p.  173*. 

Found  ‘5t:  Cl  12.52,  12.57.  CjaHuO^NCl.  Calculated  Cl  12.59. 

If  the  unrecrystallized  base  was  used  the  yield  fell  to  42'<Jt. 

l-Methyl-2-propynylquinolinium  triiodide.  To  a  solution  of  3.6  g  of  substance  (I)  in  40  ml  of  alcohol  was 
added  a  solution  of  6.08  g  of  iodine  in  60  ml  of  alcohol.  The  precipitate  formed  was  collected  and  washed  with 
alcohol  and  ether.  The  brownish  leaflets  had  m.  p.  154*;  the  yield  was  5.45 g(44‘^).  After  rccrystallization  from 
200  parts  of  alcohol,  the  substance  had  m.  p.  156*. 

Found  I  67.96,  67.88.  C13IIJ2MI3.  Calculated  Tt;  I  67.63. 

l-Ethyl-2-phcriylacctylenylquinolinium  perchlorate.  A  mixture  of  10  ml  of  an  ether  solution  containing 
0.02  mole  of  cthylmagnesium  bromide  and  2.2  ml  of  phcnylacetylene  was  boiled  for  30  min.  To  the  cooled 
mixture  was  added  5.7  g  of  carefully  dried  and  finely  ground  quinoline  cthiodide  in  0.5-g  portions  with  vigorous 
stirring  over  a  period  of  4C  min.  When  all  the  salt  had  dissolved,  stirring  was  continued  for  a  further  10  min. 

The  mixture  was  then  poured  onto  a  mixture  of  3  g  of  ammonium  chloride  and  20  g  of  ice.  The  ether  layer 
was  separated,  washed  with  water,  and  mixed  with  a  solution  of  0.6  ml  of  sulfuric  acid  in  10  ml  of  methanol. 

To  tlic  ether  solution  were  added  10  g  of  a  40*76  aqueous  solution  of  Fe2(S04)3  and  10  ml  of  methanol.  After 
decolorization  by  boiling  with  activated  charcoal,  the  liquid  was  treated  with  2  ml  of  40<7e  perchloric  acid.  A 
small  amount  of  a  dark  resin  precipitated.  After  it  had  been  separated,  the  product  began  to  crystallize  slowly. 

It  was  recrystallized  from  12  parts  of  methanol.  Yellowish  tablets  with  m.  p.  160*  were  obtained  in  a  yield  of 
1.24  g  (17'yt).  The  infrared  spectrum  of  a  suspension  in  vaseline  oil  had  absorption  bands  at  2202  and  2247  cm  *. 

Found  *76;  Cl  9.82,  9.86.  Ci3Hi604NCl.  Calculated  ‘7::  Cl  9.91. 

l-Methyl-2-(2*-pipcridylpropcnyl)-piperidylpropcnyl)chlorate  (HI). To  a  solution  of  0.3  g  of  the  perchlorate 
(II)  in  3  ml  of  methanol  was  added  0.15  ml  of  piperidine.  A  yellow  resinous  precipitate  formed,and  this  crys¬ 
tallized  on  standing.  It  was  collected  and  washed  with  methanol  and  ether.  We  obtained  0.32  g  (82*71)  of  the 
salt  with  m.  p.  159-160*  (from  15  parts  of  methanol).  In  alcohol,  440  mp  (log  «  4.32), 

Found  <7c:  N  7.39,  7.55.  C18H23O4N2CI.  Calculated  *7;  N  7.64. 

l.l*.10-Trimethyl-2,2*-quinocarbocyanine  perchlorate  (IV,  R  =  CH3).  To  a  solution  of  0.5  g  of  the  per- 
cliloraic(II)and  0.5gqulnaldlncmcihylmethosulfate  in  5  ml  of  methanol  was  added  0.25  ml  of  triethylaminc. 

The  dye  precipitated  as  a  resin,  which  crystallized  rapidly.  The  crystals  had  a  green  luster  and  m.  p.  179-181* 
(from  methanol)  and  the  yield  was  0.52  g  (67*7).  to  alcohol  ^iriax  mp  (log  €  4.72). 

Found  *7:  N  6.61,  6.65.  C24H23O4N2CI.  Calculated  *7:  N  6.38. 

1.3’,10-Trimethyl-2-quinothiacarbocyanine  perchlorate  (V.  R=CH3).  The  dye  was  obtained  by  the  same 
method  from  0.4  g  of  the  perchlorate  (II),  0.4  g  of  2-methylbenzthiazole  methylmethosulfatc,  and  0.2  ml  of 
triethylamine.  Tlie  crystals  had  a  green  luster  and  m.  p.  212-213*  (from  methanol)band  the  yield  was  0.48  g 
(76*7).  In  alcohol  596  mp  (log  €  4.82), 

Found  <7;  N  6.34,  6.33.  C22H21O4N2SCI.  Calculated  *7:  N  6,30. 

l,l*.3*.3*,10-Pentamethyl-2-quinolndocarbocyanine  perchlorate  (VI,  R  =  CH3).  The  preparation  was  ob¬ 
tained  in  the  same  way  as  the  previous  one  from  0,4  g  of  the  perchlorate  (II)  and  0,45  g  of  2,3,3-trlmethylindolc- 
nine  methiodide.  When  the  product  had  been  recrystallized  from  methanol,  the  yield  was  0,33  g  (51*7).  The 
violet  tablets  had  m.  p.  178-179*.  In  alcohol  X^ax  583  mp  (log  e  4.52). 
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Found  N  6.23,  6.19.  C2sH27Q4N2Cl.  Calculated  N  6.16. 

3-Methyl-5-f  a -methyl-  B-(l*“methyldihydroqulnolyllderie-2*)-ethylldene]-rhodanine  (VII,  R=CHa).  To 
a  mixture  of  0.4  g  of  the  perchlorate  (II),  0.25  g  of  N-m ethyl rhodanine,  and  5  ml  of  methanol  was  added  0,2  ml 
of  triethylamine.  The  precipitated  dye  was  collected,  washed  with  methanol,  and  recrystallized  from  50  ml  of 
chloroform.  The  yield  was  0.28  g  (Bl*;!!),  The  dark  crystalline  powder  with  a  green  luster  had  m.  p,  227-228*, 

In  alcohol  580  m/i. 

Found  <^1  S  19.40,  19.20,  C17H16ON2S2.  Calculated  <%-.  S  19.53, 

SUMMARY 

A  method  was  developed  for  preparing  2-acetylenylquinollnium  salts  from  quinoline  alkiodides  and  acetyle¬ 
nic  organomagnesium  halides.  Symmetrical  and  unsymmetrical  carbocyanines  wltli  a  methyl  group  In  the  poly- 
methyne  chain  were  synthesized  from  l-methyl-2-propynylquinolinium  perchlorate  obtained  in  this  way, 
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Some  of  the  most  accessible  alkyl  derivatives  of  dihydroresorcinol  are  derivatives  of  2-(3-methyl-2-bu- 
tenyDdihydroresorcinol  fl),  which  arc  readily  formed  by  heating  3-methyl-2-butenyl  bromides  with  the  sodium 
enolate  of  the  B -ketone  In  methanol  [1],  The  presence  of  the  allyl  double  bond  in  the  molecule  of  2-(3-mcthyl- 
2-bu?enyl)dihydroresorcinol  offers  possibilities  of  using  these  substances  In  the  synthesis  of  various  aliphatic  and 
cyclic  organic  compounds. 

As  the  subject  of  the  present  investigation  we  took  2-(3-methyl-2-butenyl)dihydroresorcinol  itself  which 
was  described  previously  by  Nazarov  et  al.  [2],  We  studied  two  forms  of  conversion  of  this  ketone,  which  proceed 
with  retention  and  with  opening  of  the  cyclohexane  nucleus. 

When  heated  with  phosphorus  pentoxide  or  phosphoric  acid,  the  diketone  (I)  underwent  cyclization  to  2,2- 
dimethyltctrahydrochroman-5-one  (IV)  [2],  dehydrogenation  of  which  with  paladium  on  charcoal  led  to  2,2-di- 
methylchroman-5-ol  (XII).  The  latter  could  also  be  obtained  by  bromination  of  2,2-dImethyltetrahydrochro- 
man-5-oue  and  subsequent  dehydrobromination  of  the  dibiomide  (VIII).  The  structure  of  2.2-dimethylchroman- 
5-ol  was  confi'-med  by  the  fact  that  its  infrared  spectrum*  contained  characteristic  frequencies  of  a  benzene 
nucleus  (3000-3100  cm"*)  and  a  phenolic  hydroxyl  (3420  cm"*)  and  also  by  the  formation  of  the  corresponding 
3,5-dinitrobenzoate, 

The  above  conversion  represent  a  new  route  to  the  synthesis  of  chroman  derivatives,  which  form  an  im¬ 
portant  class  of  organic  compounds  that  occur  widely  in  nature. 


(ot)  (X«)  (Xjy)  (XY) 


•  The  spectra  were  plotted  by  A.  F.  Vasil’ev  on  an  IKS-12  instrument  In  chloroform. 
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The  reaction  of  the  dIketone  (I)  with  diazomethane  formed  the  enol  ether  (XIII),  which  reacted  with  methyl- 
magnesium  Iodide  to  give  2-(3-methyl-2-butenyl)-3-methyl-iN*-cyclohexan-l-one  (XIV).  This  unsaturared  ke¬ 
tone,  which  is  a  structural  analog  of  jasmone  (XV),  had  a  weak  flowerlike  odor. 

Under  the  action  of  boiling  barium  hydroxide  solution,  the  diketone  (I),  like  other  fl -carbonyl  compounds, 
underwent  hydrolytic  cleavage  to  form  5-keto-9-methyl-  A*-decenoic  acid  (II).  The  latter  was  converted  by 
polyphosphorlc  acid  Into  C-methyl-l-tetralone  (V).  probably  through  the  Intermediate  stages  of  the  formation 
of  l-keto-6-methyl-1.3,7-hexahydronaphthalene  (VI)  and  disproportionation  of  this; 


(II)  (vi;  (V)  (XI) 


In  actual  fact,  together  with  6-methyl-l -tetralone,  from  the  reaction  mixture  we  were  able  to  isolate  a 
ketone  (as  the  2,4-dinitrophcnylhydrazone),  which  corresponded  in  elementary  analysis  and  uluaviolet  spectrum 
to  6-methyl -A’-l-octalone  (XI).  6-Methyl-l-tetraIone  was  identical  with  the  bicyclic  ketone  obtained  by  the 
action  of  methylmagnesium  iodide  on  the  methoxy  ketone  (X)  and  subsequent  aromatization  of  the  dienone  (VI), 

Thus,  5-keto-9-meihyl-A*-decenoic  acid  behaves  toward  poly  phosphoric  acid  like  the  keto  acid  (XVI), 
which  is  converted  into  l-kcto-l,3,5,7-octahydrophcnanthrene  (XVII)  under  these  conditions  (3), 


O 


\/ 

(XVll) 


The  reaction  of  methylmagnesium  iodide  with  6-keto-9-methyl-A*-decenoic  acid  or.better,  with  its  po¬ 
tassium  salt  formed  geranylacctic  acid  (III)  instead  of  the  expected  6 -lactone  (VII).  This  conversion,  which  is 
a  new  method  of  building  up  isoprenoid  chains,  may  be  used  in  the  synthesis  of  various  homologs  of  geranylacetic 
acid.  According  to  literature  data  [4,  5],  geranylacetic  acid  is  obtained  from  geranyl  bromide  and  malonic  ester 
according  to  the  following  scheme: 


\/\ 
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(III) 


In  reductive  cleavage  by  Steiter’s  method  [6],  the  diketone  (I)  smoothly  gave  9-methyl-A*-decenoIc  acid 
(IX),  which  was  characterized  as  the  S-benzylthiuronium  salt. 


EXPERIMENTAL 

2,2-Dimethylchroman-5-ol  (XII).  a)Tol2.4gof2,2-dimethyltetr3hydrochroman-5-one  (IV)  (b.  p.  93-94* 
at  2  mm  [2])  in  70  ml  of  anhydrous  chloroform  at  about  —10*  was  gradually  added  11  g  of  bromine  in  70  ml  of 
anhydrous  chloroform  and  then  120  ml  of  diethylaniline.  After  removal  of  the  solvent,  the  residue  was  heated 
at  120-150*  for  6  hr.  The  cooled  reaction  mixture  was  dissolved  in  ether,  washed  with  dilute  hydrochloric  acid, 
and  carefully  extracted  with  lO*?:  alkali.  Acidification  of  the  alkaline  solution  with  hydrochloric  acid  and  sub¬ 
sequent  extraction  with  ether  yielded  5.4  g  (50  )t)  of  compound  (XU)  with  m.  p.  119-120*  (from  heptane). 

Found  oje:  C  73.82,  73.80;  H  8.01,  7.88.  CuH^Ox.  Calculated  <%•.  C  74.13;  H  7.92. 
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The  3,5-dlnIirobcn2oate  had  m.  p,  132-133*  (from  methanol). 

Found  C  57.81.  57.96;  H  4.41,  4.34.  Calculated  C  58.06;  H  4.33. 

b)  A  mixture  of  1.5  g  of  2,2-dImethyltetrahydrochroman-5-one  (IV)  and  1.3  g  of  lOlt  palladium  on  char¬ 
coal  was  heated  at  280-310*  for  20  min.  The  reaction  mixture  was  treated  with  aqueous  alkali  and  extracted 
with  ether.  Treatment  of  the  alkaline  solution  as  described  above  yielded  0.3  g  (20<^)  of  2,2-dlmcthylchro- 
man-5-ol  (XII)  with  m.  p.  116-118*. 

2-(3-Methyl-2-butenyl)-3-methyl  -A*-cyclohexen-l-one  (XIV).  To  an  ether  solution  of  diazomethane 
(from  13.8  g  of  nlirosomethylurea)  was  gradually  added  12.1  g  of  2-(3-methyl-2-butenyl)dihydroresorclnol 
(m.  p.  140*)  and  the  mixture  then  left  at  room  temperature  for  12  hr.  We  obtained  12  g  (92*^))  of  the  enol  ether 
(XIII)  with  b.  p.  118-119*  (0.05  mm).  n*®D  1.5279. 

An  11.5-g  sample  of  the  enol  ether  (XIII)  was  added  to  a  solution  of  methylmagneslum  iodide  from  2.9  g 
of  magnesium  and  17.2  g  of  methyl  Iodide  in  500  ml  of  ether  cooled  in  ice.  After  it  had  been  stirred  at  5*  for 
6  hr  and  kept  at  room  temperature  for  12  hr,  the  reaction  mixture  was  treated  with  dilute  hydrochloric  acid. 

From  the  ether  solution  we  isolated  5.8  g(55‘^)  of  2-(3-methyl-2-butenyl)-3-methyl-A*-cyclohexen-l-onc 
(XIV)  with  b.  p.  78-80*  (0.05  mm).  n*®D  1.5092. 

Found  C  81.16,  81.33;  H  10.01,  10.20.  CuHijO.  Calculated  C  80.85;  H  10.18. 

The  2,4-dlnitrophcnylhydrazone  had  m.  p.  138.5-139.5*  (from  a  mixture  of  methanol  and  dioxane)  and 
Xmax  (alcohol). 

Found  N  16.00,  15.85.  CigH2204N4.  Calculated  N  15.63. 

5- Keto-9-mcthyl-^*-decenoic  acid  (II).  A  mixture  of  36  g  of  the  diketone  (I)  and  100  g  of  barium  hy¬ 

droxide  in  GOO  ml  of  water  was  boiled  under  reflux  for  12  hr.  The  reaction  mixture  was  cooled  and  acidified 
with  dilute  hydrochloric  acid.  Extraction  with  ether  gave  30  g  of  5-keto-9-methyl-A*-decenoIc  acid 

(II)  with  b.  p.  155-lGO*  (1  mm)  and  m.  p.  41-42*  (from  heptane). 

Found  <7c:  C  66.51.  66.44;  H  8.79.  8.78.  CuHijOj.  Calculated  C  66.64;  H  9.15. 

6- M ethyl-1 -tetralone  (V).  a)  A  solution  of  12.8  g  of  the  methoxy  ketone  (X)  (m.  p.  55-56*  [7])  In  50  ml 
of  ether  was  added  to  the  Grignard  reagent  from  3.8  g  of  magnesium  and  22.5  g  of  methyl  iodide  in  100  ml  of 
ether  at  0-5*.  After  the  reaction  mixture  had  been  kept  at  room  temperature  for  5  hr,  treatment  with  dilute 
hydrochloric  acid  yielded  7.7  g  (66'^fc)  of  l-keto-6-methyl-l,3,7-hexahydronaphthalene  (VI)  with  b.  p.  87-90* 

(2  mm).  n*®D  1.5505. 

The  2,4-dinItrophenylhydrazone  had  m.  p.  223-224*  (from  a  mixture  of  dioxane  and  methanol). 

Found  <7c:  C  59.97.  60.00;  H  5.30,  5.34.  C4,Hi604N4.  Calculated  C  59.64;  H  5.30. 

A  mixture  of  3.4  g  of  l-keto-6-methyl-l,3,7-hexahydronaphthalene  (VI)  and  0.67  g  of  sulfur  was  heated 
for  20  min  at  180-210*.  Vacuum  distillation  yielded  1.9  g  (58*51;)  of  6-methyl-l-tetralone  with  b.  p.  136-138* 

(9  mm),  if®D  1.5640. 

The  2.4-dinItrophenylhydrazone  had  m.  p.  244-245*  (from  a  mixture  of  methanol  and  dioxane)  and 
389  m/I  (alcohol). 

Found  <7c:  N  16.54,  16.64.  C1JH16O4N4.  Calculated  oje:  N  16.46. 

The  semicarbazone  had  m.  p.  217.5-219.5*  (from  a  mixture  of  methanol  and  dioxane). 

Found  <^z  C  66.61,  66.60;  H  7.17.  7.29.  CuHijON,.  Calculated  <^1  C  66.74;  H  6.%. 

6-Methyltetralone  obtained  by  cyclization  ofy  -(3-methylphenyl)butyric  acid  had  b.  p.  129-132*  (5  mm) 

{«]• 

b)  A  mixture  of  10  g  of  5-keto-9-methyl- A*-decenoIc  acid  (II),  22  g  of  phosphorus  p>entoxide,  and  22  g  of 
phosphoric  acid  was  heated  for  2  hr  on  a  boiling  water  bath  and  then  treated  with  a  saturated  solution  of  sodium 
carbonate  and  extracted  with  ether.  After  removal  of  the  solvent,  the  residue  was  vacuum  distilled.  We  obtained 
4.5  g  of  a  mixture  (b.  p.  120-137*  at  7  mm  and  n*®D  1.5405-1.5448),  which  was  chromatographed  on  alumina. 
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Elution  with  benzene  yielded  1,4  g  of  a  substance  with  n**’D  1.5430,  which  was  probably  6-methyl-A*-l-octa- 
lone  (XI). 

The  2,4-dinitrophenylhydrazonc  had  m.  p.  222.5-223.5*  (from  methanol)  and  (alcohol). 

Found  <70:  C  59.33,  59.92;  H  5.38  ,  5.42.  C17H20O4N4.  Calculated  <7::  C  59.40;  H  5.85. 

Subsequent  elution  with  benzene  gave  1,7  g  (12‘5t)  of  impure  6-methyl-l-tetralone  (V)  with  b.  p.  124-126* 
(7  mm),  n*®D  1.5550. 

The  2,4-dinitrophenylhydrazone  (m,  p.  244,5-245,5*)  and  the  semicarbazone  (m,  p,  217-219*)  did  not 
depress  the  melting  points  of  the  derivatives  described  above. 

Geranylacetic  acid  (III),  a)  To  a  solution  of  methylmagnesium  iodide  from  3.3  g  of  magnesium  and  18  g 
of  methyl  iodide  In  300  ml  of  ether  at  —10'  was  added  10  g  of  5-keto-9-methyl- A*-decenoic  acid  (II),  After 
being  stirred  at  -10  to  0*  for  6  hr  and  standing  at  room  temperature  for  12  hr,  the  reaction  mixture  was  treated 
with  dilute  hydrochloric  acid  and  the  ether  layer  washed  with  sodium  sulfite  solution  and  water.  The  solvent 
was  removed  and  the  residue  vacuum  distilled.  We  obtained  7.7  g  (77‘7c  of  geranylacetic  acid  (III)  with  b,  p, 
119-121*  (0.05  mm),  n*®D  1.4780. 

The  S-benzylthiuronium  salt  had  m.  p.  118-119*  (from  aqueous  methanol). 

Found  '7c;  N  7.91,  7.75,  C20H30O2N2S.  Calculated  N  7,70, 

The  salt  did  not  depress  the  melting  point  of  an  authentic  sample  (m.  p,  123.5-125*)  prepared  by  a  known 
method  [4], 

In  the  literature  [4,  5]  it  is  reported  that  geranylacetle  acid  has  b.  p.  96-97*  (0.005  mm),  ri*®D  1.4740, 
and  tl)c  S-benzylthiuronium  salt  has  m.  p,  128-129*. 

b)  To  a  suspension  of  the  potassium  salt  of  5-keto-9-methyl-A*-decenolc  acid  (II)  from  8.2  g  of  acid  in 
300  ml  of  ether  at  -10*  was  added  an  ether  solution  of  methylmagnesium  iodide  (from  2.52  g  of  magnesium  and 
15.7  g  of  methyl  iodide).  Treatment  as  described  above  yielded  6.5  g  (80<7e  of  geranylacetic  acid  (III)  with 
b.  p.  129-135*  (0.07  mm),  1.4775. 

9-Mcthyl-A®-dccenoic  acid  (IX).  A  14-g  sample  of  powdered  sodium  hydroxide  was  dissolved  with  heat¬ 
ing  in  150  ml  of  diethylene  glycol,  and  then  12.5  g  of  2-(3-methyl-2-butenyl)dihydroresorcinol  (I),  9  ml  of 
85<%  hydrazine  hydrate,  and  a  sufficient  amount  of  methanol  for  the  mixture  to  boil  at  about  125*  were  added. 
The  mixture  was  boiled  under  reflux  for  30  lir  and  then  the  boiling  point  of  the  mixture  raised  to  195*  by  re¬ 
moval  of  methanol,  water,  and  hydrazine.  After  the  mixture  Ixad  been  heated  for  13  hr  at  this  temperature,  it 
was  cooled,  diluted  witli  water,  acidified  with  hydrochloric  acid,  and  extracted  with  ether.  We  obtained  11  g 
(8T%)  of  9-methyl-A®-dccenoIc  acid  (IX)  with  b.  p.  146-148*  (7  mm),  n?®D  1.4555. 

Found  '7c:  C  71.74;  H  11.0.  CUH20O2.  Calculated  oja  C  71.69;  H  10.94. 

The  S-benzylthiuronium  salt  had  m.  p.  140,5-141.5*  (from  aqueous  methanol). 

Found  N  8.60.  8.41.  C19K30O2N2S.  Calculated  N  8.00. 

SUMMARY 

1.  Bromlnation  and  subsequent  dehydrobromination  of  2, 2-dimethyl tetrahydrochromanone,  which  was 
obtained  by  cyclization  of  2-(3-methyl-2-butenyl)dihydroresorcinol,  gave  2,2-dimethylchroman-5-ol,  which 
was  also  formed  by  dehydrogenation  of  2,2-dimethyltetrahydrochroman-5-one  by  means  of  palladium  on  char¬ 
coal. 

2.  The  reaction  of  the  enol  ether  of  2-(3-methyl-2-butenyl)dihydroresorcinol  with  methylmagnesium 
iodide  led  to  2-(3-methyl-2-butenyl)-3-methyl-A*-cyclohexen-l-one,  which  is  a  structural  analog  of  jasmone. 

3.  Hydrolytic  cleavage  of  2-(3-methyl-2-butenyl)dihydroresorcinol  yielded  5-keto-9-methyl-A*-deccnoIc 
acid,  which  was  cyclized  to  6-methyl-l-tetralone  under  the  action  of  poly  phosphoric  acid. 

4.  The  action  of  methylmagnesium  iodide  on  5-keto-9-methyl-A*-decenoic  acid  or  its  potassium  salt 
yielded  geranylacetic  acid. 
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5.  Reductive  cleavage  of  2-(3-methyl-2-butenyl)dihydr<?fe5orcinol  by  Stetter's  method  formed  9-mcthyl- 
A*-decenolc  acid, 
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SULFONATION  AND  SULFONIC  ACIDS  OF  ACIDOPHOBIC  COMPOUNDS 


XXVIIL  SULFONATION  OF  TIE  COMPOUNDS  R,R2C=CH, 

L  GtOMGTRIC  ISOMERISM  OF  UNSATURATED  SULFONIC  ACIDS 

A.  P.  Terent’ev  and  R.  A.  Gracheva 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  11,  pp.  3663-3667, 
November,  1960 

Original  article  submitted  December  16,  1959 


It  has  been  shown  [1]  that  dienes  may  be  sulfonated  without  appreciable  tesinification  and  often  in  high 
yields  by  means  of  sulfur  irioxide  bound  in  a  complex  with  pyridine  (pyridine— sulfur  trloxide).  Styrene  is  sul¬ 
fonated  readily  not  only  by  dioxanc  — sulfur  trloxide  [2],  but  even  better  by  pyridine— sulfur  trloxide;  however. 

It  Is  not  known  which  of  the  geometric  isomers  of  the  w-sulfonic  aeid  is  thus  formed. 

To  solve  this  problem  we  sulfonated  hydrocarbons  of  the  type  RiR2C=CH2  (styrene,  a -methylstyrene, 
a -chlorostyrene,  1,1 -diphenylethylenc,  and  o -vinylnaphthaleiie),  prepared  a  series  of  derivatives  of  styrene- 
sulfonic  acid  and  1,1-diphcnylcthylcnesulfonic  acid,  and  studied  their  behavior  under  irradiation  with  ultra¬ 
violet  light.  We  sulfonated  styrene  by  healing  it  in  a  sealed  ampoule  with  twice  the  molecular  amount  of 
pyridine- sulfur  trioxide.  In  the  irradiation  of  uj-styrcnesulfonic  acid  derivatives  with  ultraviolet  light  it  was 
only  in  the  case  of  the  amide  (m.  p.  1-12*)  that  were  able  to  isolate  a  second,  lower-melting  stereoisomer  (m.  p, 
96*).  It  was  evidently  the  less  stable  cis  Isomer, as  follows  in  analogy  with  other  tinsaturated  compounds  with 
stereoisomers.  The  Ratnan  and  infrared  spectra  of  the  two  forms  of  w-styrenesulfonamide  confirmed  that  the 
compounds  had  different  geometric  structures  [3].  The  potassium  salt  of  w-styrenesulfonic  acid  was  also  iso- 
irerized  by  irradiation  with  ultraviolet  light,  but  to  a  smaller  extent  than  the  amide.  Tlie  sulfonyl  chloride 
obtained  from  it  gave  a  mixture  of  the  two  forms  of  the  amide  when  treated  with  ammonium  carbonate. 

a -Chlorostyrene  was  sulfonated  analogously  to  styrene.  It  was  found  that  the  reaction  formed  acetophe- 
nonesulfonic  acid,  which  was  decomposed  to  benzoic  acid  and  methanesulfonic  acid  by  heating  with  barium  hy¬ 
droxide.  Acciophenonesulfonic  acid  synthesized. by  another  method  [4]  behaved  in  the  same  way. 

We  sulfonated  a -methylstyrene  with  various  sulfonating  agents  (pyridine— sulfur  trioxide,  pyridine  bls- 
sulfur  trioxide,  and  dioxane— sulfur  trioxide)  in  various  proportions.  In  all  cases  we  isolated  a  mixture  of  mono- 
and  disulfonic  acids  of  o -methylstyrene .with  the  unsaturated  disulfonic  acid  predominating. 

Coni(Cll.i)C=Cll2  C6Us(CII.S03U)C=CHS0aIl  +  C«Il5(Cll3)C=CUS03H 

Experiments  on  the  sulfonation  of  unsymmetrical  diplienylethylene  with  pyridine— sulfur  trioxide  did  not 
give  positive  results. 

We  obtained  the  sulfonic  acid  of  1,1-diphenylethylene  only  by  using  pyridine-bis-sulfur  trioxide.  Dl- 
phenylethylencsulfonic  acid  should  not  form  geometric  isomers.  This  agrees  with  our  observation  that  the  irradia¬ 
tion  of  diphenylethylenesulfonamide  with  m.  p.  133*  for  55  hr  with  ultraviolet  light  in  methanol  did  not  produce 
a  change  in  the  melting  point  of  the  amide.  , 
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It  might  have  been  expected  that  the  sulfonatlon  of  a-vlnylnaphthalene  with  pyridlne-sulfurtrloxldewould 
form  the  w-sulfonic  acid.  However,  due  to  the  presence  of  an  active  hydrogen  in  the  cc-position  of  the  naphthalene 
nucleus,  an  unsaturated  cyclic  sulfone  was  formed. 


SO,  CM 

I  ‘  I 


Thus,  it  was  only  In  the  sulfonation  of  styrene  and  1,1-diphenylethylene  that  we  obtained  unsaturated  mono' 
sulfonic  acids. 


The  structure  of  the  sulfonic  acids  we  obtained  was  demonstrated  by  oxidation  with  potassium  permanga¬ 
nate  in  an  alkali  medium.  Benzoic  acid  was  isolated  in  all  cases;  sulfobenzoic  acid  was  not  detected.  Con¬ 
sequently.  in  sulfonation  under  mild  conditions  a  sulfonic  acid  group  replaces  the  hydrogen  of  the  vinyl  group 
and  not  of  the  aromatic  nucleus  (If  it  is  assumed  that  sulfonation  by  pyridine- sulfur  trioxide  proceeds  by  direct 
rcplaccjnent).  If  sulfonation  characterizes  the  "aromatic"  properties  of  compounds,  then  it  must  be  considered 
that  the  vinyl  structure  is  more  "aromatic*  than  benzene  and  naphthalene. 


EXPERIMENTAL 

n-'-Styrenesulfonic  Acid  and  Its  Derivatives 

A  mixture  of  0.1  mole  of  styrene,  0.2  mole  of  pyridine— sulfur  trloxide.  and  15  ml  of  dichloroethane  was 
heated  in  a  sealed  ampoule  at  100-110*  for  10  lir.  The  contents  of  tlie  ampoule  were  dissolved  in  water,  treated 
with  concentrated  ammonia  solution,  and  washed  with  dichloroethane  to  remove  pyridine  completely.  The  solu¬ 
tion  of  tl’.e  ammonium  salt  was  lieated  with  G4  g  of  barium  hydroxide  until  the  smell  of  ammonia  disappeared 
and  the  excess  barium  liydroxide  removed  with  carbon  dioxide.  The  barium  salt  of  styrenesulfonic  acid  was 
extracted  with  hot  water  and  the  solution  evaporated  to  dryness  on  a  water  bath.  The  yield  of  the  barium  salt 
was 

Found  '7c:  Ba  27.28,  26.90.  (CJH7O3S)  jBa.  Calculated  <70:  Ba  27.27. 

The  potassium  salt  of  styrenesulfonic  acid' was  obtained  from  the  barium  salt  by  exchange  with  potassium 
sulfate. 

tti-Styrcncsulfonyl  chloride.  The  contents  of  the  ampoule  after  the  sulfonation  of  0.1  mole  of  styrene  were 
treated  with  0.15  mole  of  phosphorus  pentachloride  and  left  at  room  temperature  for  1  hr.  The  mixture  was  de¬ 
composed  witli  iced  water  and  the  styrenesulfonyl  chloride  washed  with  water  and  dried  in  a  desiccator.  The 
yield  was  66‘7‘’  and  the  m.  p.  88*  (from  benzene). 

iiJ-Styrenesulfonamide.  w-Styrenesulfonyl  chloride  (5  g)  was  ground  carefully  with  ammonium  carbonate 
and  the  mixture  heated  for  1  hr  on  a  water  bath  and  decomposed  with  water.  We  obtained  3.2  g  of  the  amide 
with  m.  p.  143*  (from  water). 

Found  N  7,60,  7,90,  CgH^OjNS,  Calculated  '’If,  N  7,65, 

Diethylamide  of  -styrenesulfonic  acid.  To  a  solution  of  5  g  of  styrenesulfonyl  chloride  in  50  ml  of  ace¬ 
tone  were  added  7,3  g  of  diethylamine  and  2  ml  of  pyridine.  The  mixture  was  left  for  30  min  and  the  diethyl¬ 
amide  precipitated  with  water.  The  yield  was  60<^  and  the  m.  p.  78*  (precipiution  with  water  from  methanol). 

Found  •’Id  N  6.22,  6.02.  CuHitOjNS.  Calculated  N  5.85. 

Anilide  of  -styrenesulfonic  acid.  To  a  solution  of  0,01  mole  of  w -styrenesulfonyl  chloride  in  absolute 
ether  was  added  0,02  mole  of  aniline  dropwise  and  the  mixture  boiled  for  2  hr.  The  aniline  hydrochloride  was 
removed  by  filtration  and  the  ether  evaporated.  The  residue  was  dissolved  in  b’Jo  NaOH  and  the  product  pre¬ 
cipitated  with  acid.  The  anilide  of  -styrenesulfonic  acid  was  precipitated  with  water  from  methanol  and  had 
m.  p.  113*. 
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Found  N  5.61,  5.67.  CmHjjOjNS.  Calculated  N  5.40, 

Ethyl  ^-styrenesulfonate.  To  an  aqueous  solution  of  0.008  mole  of  the  barium  salt  of  styrencsulfonlc  acid 
was  added  0.008  mole  of  silver  sulfate,  the  mixture  evaporated  to  dryness,  and  the  residue  transferred  to  a  round- 
bottomed  flask  and  boiled  in  ethyl  iodide  for  2  hr  on  a  water  bath.  The  excess  ethyl  iodide  was  removed  by  dii- 
tlllation.  The  ethyl  styrenesulfonate  was  exuacted  with  ether.  We  obtained  0.5  g  of  the  ester  with  m,  p.  47* 

(from  alcohol). 

Found  C  56.bl.  56.76;  H  5.75,  5.72;  S  15.02.  15.09.  CioHaOjS.  Calculated  C  56.58;  H  5.G9; 

S  15.11. 

Methyl  u -styrenesulfonate.  The  contents  of  the  ampoule  after  sulfonation  of  0.025  mole  of  styrene  and 
0.04  mole  of  dimethyl  sulfate  were  heated  on  a  water  bath  for  8  hr.  The  cooled  reaction  mixture  was  decom¬ 
posed  with  lO'^  ammonia  solution  and  the  methyl  ester  extracted  with  ether.  The  yield  was  70«J5)  and  the  m.  p. 
67*  (from  methanol).  The  same  ester  was  obtained  from  the  silver  salt  of  w-styrenesulfonic  acid  and  methyl 
iodide. 

Found  7f;  C  54.31;  H  5.35.  C9H10O3S.  Calculated  C  54.52;  H  5.20. 

Phenyl  tu -styrenesulfonate.  To  a  suspension  of  sodium  phenolate  in  molten  phenol  (from  0.02  mole  of 
sodium)  was  added  0.02  mole  of  styrenesulfonyl  chloride  and  the  mixture  heated  on  a  water  bath  and  poured 
into  200  ml  of  1  N  sodium  hydroxide.  The  phenyl  ester  was  collected  and  washed  with  water.  The  yield  was 
82'^  and  the  m.  p.  123*  (from  alcohol). 

Found  C  64.76,  64.54;  H  4.77,  4.66.  CuHuQjS,  Calculated  C  64.60;  H  4.64. 

o^-Styrencsulfonyl  fluoride.  To  a  solution  of  2  g  of  w-styrenesulfonyl  chloride  in  xylene  was  added  6  g 
of  potassium  fluoride  in  30  ml  of  water.  The  emulsion  obtained  was  heated  under  reflux  for  4  hr  and  the  xylene 
removed  by  distillation.  The  substance  extracted  with  ether  was  a  mixture  of  the  acid  chloride  and  the  acid 
fluoride.  To  separate  them  the  mixture  was  heated  for  2  hr  with  10“^  sulfuric  acid.when  the  acid  chloride  was 
hydrolyzed  completely.  Slyrenesulfonyl  fluoride  was  extracted  with  ether  and  had  m.  p.  97*  (from  methanol). 

Found  “A:  F  9.82.  9.97.  CglljOjSF.  Calculated  F  10.20. 

EXPERIM  ENTAL 

1 , 1  -  D  i  p  h  e  n  y  1  e  t  h  ylenesulfonic  Acid  and  Its  Derivatives 

Into  a  round-bottomed  flask  was  placed  0.05  mole  of  pyridinc-bis-sulfur  trioxide.and  0.05  mole  of  1,1- 
diphcnylcthylene  was  added  to  it  dropwise;  slight  heat  evolution  was  observed.  The  reaction  mixture  was  heated 
on  a  water  bath  at  70*  for  30  min,  cooled,  decomposed  with  water,  treated  with  excess  barium  carbonate,  and 
heated  on  a  water  bath  until  the  odor  of  pyridine  disappeared.  The  baritim  salt  of  1,1-diphenylethylenesulfonic 
acid  was  extracted  with  hot  water.  The  yield  was  83‘)fc. 

Found  A;  Ba  20.99,  21.27.  (CigHuOaSljBa.  Calculated  ^c;  Ba  20.94. 

The  sodium  salt  of  diphenylethylenesulfonic  acid  was  obtained  from  the  barium  salt  by  exchange  with 
sodium  sulfate. 

1.1- DiphenyIethylcnesulfcnyl  chloride.  The  product  from  the  sulfonation  of  0.025  mole  of  1,1-diphenyl- 
ethylcne  was  heated  under  reflux  with  0.05  mole  of  phosphorus  pentachloride  on  a  water  bath  for  1  hr.  The 
reaction  mixture  was  decomposed  with  iced  water  and  the  sulfonyl  chloride  collected  by  filtration.  The  yield 
was  96.5<A  and  the  m.  p.  65*  (decomp.).  1,1-Diphenylethylenesulfonyl  cliloride  was  used  for  further  work  with¬ 
out  additional  purification. 

1.1- Diphenylethylenesulfonamide.  A  2-g  sample  of  diphenylethylenesulfonyl  chloride  was  ground  care¬ 
fully  in  a  mortar  with  ammonium  carbonate  and  the  mixture  then  heated  in  a  porcelain  dish  on  a  water  bath. 
Decomposition  of  the  mixture  with  water  yielded  1.2  g  of  1.1-diphenylethylenesulfonamide  with  m.  p.  133-134* 
(from  methanol). 

Found  'A;  C  64.67,  64.71;  H  5.11,  5,13.  C14HUO2NS.  Calculated  <%:  C  64.84;  H  5.05w 
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The  sulfonatlon  of  a  -methylstyrene  was  carried  out  analogously  to  the  sulfonatlon  of  styrene.  From  0,1 
,  mole  of  a  -methylstyrene  we  Isolated  16,6  g  of  the  barium  salt. 

Found  Da  32.11,  31,93.  (CgilgOiSliBa.  Calculated  Ba  25.83.  C/HiOcSsBa.  Calculated  Ba 

33.21. 

Sulfonatlon  of  a-vlnylnaphthalene.  A  mixture  of  0.015  mole  of  a-vLnylnaphthalene,  0.035  mole  of  pyri¬ 
dine-sulfur  trioxide,  and  5  ml  of  dichloroethane  was  heated  in  a  sealed  ampoule  at  120-125*  for  4  hr.  The  mix¬ 
ture  was  decomposed  with  water  and  the  liberated  sulfone  collected  by  filtration.  We  obtained  1  g  of  the  sul- 
fone  with  m,  p,  218*  (from  water). 

Found  ojci  C  66.59,  66.68;  H  4.03.  3,97.  C^HgOtS.  Calculated  C  66.63;  H  3.72. 

Irradiation  of  Sulfonic  Acid  Derivatives  with  Ultravlole  t  Light 

PRK-4  and  PRK-2  lamps  were  used  as  sources  of  ultraviolet  radiation.  Solutions  in  quartz  flasks  were 
placed  at  a  distance  of  20-25  cm  from  the  lamp.  To  decrease  the  evaporation  of  solvent  the  irradiation  was 
carried  out  in  flasks  with  air  condensen. 

We  irradiated  lu-styrenesulfonamide  in  benzene  and  methanol,  the  diethylamide  of  styrenesulfonic  acid 
in  methanol,  diphenylethylenesulfonamide  in  methanol,  the  barium  and  potassium  salts  of  styrenesulfonic  acid 
in  water,  the  anilide  and  methyl  ester  of  styrenesulfonic  acid  in  methanol,  and  styrenesulfoiiyl  chloride  and 
fluoride  in  benzene. 

Irradiation  of  styrenesulfonamide.  A  solution  of  2  g  of  the  amide  with  m.  p.  143*  in  methanol  was  irra¬ 
diated  v.’lth  ultraviolet  light  for  100  hr.  The  solution  had  a  dark  red  color  after  irradiation.  The  methanol  was 
removed  by  distillation  .and  the  residual  tarry  material  crystallized  after  some  time.  After  recrystallization 
from  water,  the  amide  had  m.  p.  94-95",  after  a  second  recrystallization  from  water,  it  had  m.  p.  96",  and  after 
recrystallization  from  alcohol,  it  had  m.  p.  %*.  The  amide  was  Isomerlzed  completely,  but  approximately  50<)Ib 
was  converted  Into  resin. 

Found  N  7.80,  7.83.  CgHjOjNS.  Calculated  N  7.65. 

1,1 -Diphenylethylenesulfonamide  with  m,  p.  134*  (0.8  g)  in  methanol  was  irradiated  for  65  hr;  we  isolated 
an  amide  with  m.  p.  131*.  A  mixed  melting  point  with  unirradiated  1,1 -diphenylethylenesulfonamide  was  not 
depressed, 

SUMMARY 

Styrene,  a -chlorostyrene,  a  -methylstyrene,  1,1-dlphenylethylene,  and  a  -vlnylnaphthalene  were  sul- 
fonated  with  pyridine— sulfur  trioxide;  a  series  of  derivatives  of  w -styrenesulfonic  acid  and  1,1-diphenylethyl- 
enesulfonic  acid  were  obtained. 

It  was  found  that  w-styrenesulfonamide  was  converted  Into  a  geometric  isomer  by  the  action  of  ultraviolet 
light.  l,l-Dlphenylethylene-2-sulfonamide  was  not  changed  by  the  action  of  ultraviolet  light. 
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In  some  of  our  previous  work[l]  5-hydroxynaphthofurans  andS-hydroxybenzlndoles  were  oxidized  to  o- 
quinones  with  cliromic  acid.  The  oxidation  of  the  latter  with  hydrogen  peroxide  in  alkaline  solution  yielded 
derivatives  of  furan  and  pyrrole  (I)-(III),  Hydrolysis  of  the  pyrrole  derivatives  (II)  and  (III)  led  to  trlbaslc  acids 
of  the  pyrrole  series  (IV)  and  (V), 
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/I)  X  =  O.  R  =  C,H,:  (IV)  X  =  N-CH,.  R  =  CH,; 

(II)  X  r=N-CH„  R  =  CH,:  (V)  X  =  N-C,H,.  R  =  CH,; 

(III)  X  =  N-C,H„  R  =  CH,; 


In  addition,  in  order  to  synthesize  substance  with  a  potential  plant-growth-stimulating  action,  we  methyl¬ 
ated  derivatives  of  5-hydroxy-  and  4,5-dIhydroxynaphthofur3n  and  benzindole  which  were  obtained  previously 
[1-4],  The  action  of  excess  dimethyl  sulfate  on  4,5-dihydroxynaphthofurans  and  4,5-dihydroxybenzindoles  re¬ 
sulted  in  the  methylaticn  of  only  one  hydroxyl  group,  probably  in  position  5.  In  contrast  to  derivatives  of  5-hy- 
droxynaphthofuran  and  5-hydroxybenzindole,the  monomethoxy  derivatives  obtained  reacted  with  ferric  chloride 
and  copper  acetate. 
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(VI)  X  =  O.  R  =  C.H,.  R,  =  H; 

(VII)  X  =  N-CII,,  R  =  CH,.  H,  =  H; 
(VI II)  X  =  N-r,H,.  R  =  CH,.  R,  =  II; 
(IX)  X  =  O.  U  =  CH,.  R,  =  OH; 

(X)  X  =  N-CH,.  R  =  CH,.  R,  =  OH; 
(Xi)  X  =  N-C,H,.  R  =  CH,.  U,  =  OH 


(XII)  X  =  N-CII,.  R  =  CH,.  R,  =  H; 
(XIII)  X  =  N-C,H,.  R  =  CH,.  R,  =  H: 
rXIV)  X  =0.  R  =  CH,.  K,«=OH:  , 
(XV)  X  =  N-C,H,.  R  =  CH,.  R,  =  OH 


EXPERIMENTAL 

l,l-Dimethyl-3-carbethoxy-4-carboxy-5-(2*-carboxyphenyl)-pynole  (11),  W ith  vigorous  stirring  at  room 
temperature,  15,5  ml  of  30*^  hydrogen  peroxide  and  22  ml  of  2  N  sodium  hydroxide  were  added  over  a  period 
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Furan  and  Pyirole  Derivatives 
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TABLE  2 
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TABLE  3 

Hydrolysis  of  Naphthofuran  and  Benzlndole  Derivatives 
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of  approximately  5  min  to  a  suspension  of  3  g  of  1,2- 
dlmethyl-3-carbethoxy-4,5-dioxobenzindole  in  125  ml 
of  methanol.  The  solution  temperature  thereupon  rose 
by  10*  and  the  solution  became  lighter.  The  solution 
was  then  stirred  for  30  iiiln,  diluted  with  3-5  volumes 
of  water,  and  filtered.  The  filtrate  was  acidified  to 
Congo  with  concentrated  hydrochloric  acid.  The  crys¬ 
tals  of  the  pyrrole  derivative  (II)  liberated  were  dried 
and  recrystallized  from  methanol.  The  yield  was 
2.21  g  and  the  m.  p.  183-184*  (decomp.). 

Found  o}c:  C  61.66.  61.52;  H  5.27.  5.26. 
CijHnOgN.  Calculated  «Jci  C  61.63;  H  5.17. 

The  other  o-quinones  were  oxidized  with  hydro¬ 
gen  peroxide  analogously  (Table  1). 

1.2-Dimethyl-3,4-dicarboxy-5-(2*-carboxy- 
plienyl)-pyrrole  (IV).  A  1.38-g  sample  of  the  pyrrole 
derivative  (II)  was  dissolved  in  a  solution  of  1.6  g  of 
sodium  hydroxide  in  40  ml  of  alcohol.  The  reaction 
solution  was  boiled  on  a  water  bath  for  1  hr,  then  di¬ 
luted  with  two  volumes  of  water,  and  boiled  for  30 
min.  The  solution  obtained  was  filtered  and  acidified 
to  Congo  with  concentrated  hydrochloric  acid.  The 
precipitate  was  collected  and  dried.  The  yield  was 
1.19  g  and  the  m.  p.  207-209*  (from  methanol). 

Found  C  59.43.  59.51;  fl  4.36,  4.43. 
CisHijOgN.  Calculated  *51::  C  59.40;  H  4.32. 

The  other  pyrrole  derivative  (III)  was  hydrolyzed 
analogously  (Table  1). 

2-Phenyl -3-carbcthoxy-5-methoxynaphthofuran 
(VI).  A  4.48-g  sample  of  the  5-hydroxynaphthoruran 
derivative  was  dissolved  in  10  ml  of  dioxane.  To  the 
solution  obtained  were  added  25  ml  of  2  N  sodium 
hydroxide  and  5  ml  of  dimethyl  sulfate.  The  reac¬ 
tion  solution  was  shaken  in  a  closed  vessel  at  room 
temperature  for  45  min,  treated  with  three  volumes 
of  water,  and  cooled.  The  crystals  liberated  were 
collected.  The  yield  was  4.7  g  and  the  m.  p.  112.5* 
(from  alcohol). 

Found  C  76.40,  76.61;  H  5.35,  5.27. 
C»»H|^0^.  Calculated  C  76.28;  H  5.24. 

The  other  5-methoxy  derivatives  of  naphtho¬ 
furan  and  benzlndole  (VII-XI)  were  synthesized  ana¬ 
logously  (Table  2).  Some  of  the  derivatives  of  benzo- 
furan  and  benzlndole  obtalnedKVII),  (VIII),  (DC),  and 
(XI)]were  hydrolyzed  to  the  corresponding  naphtho¬ 
furan-  and  benzindolecarboxylic  acids  (Xn)-(XV)  under 
the  conditions  of  the  previous  experiments  (Table  3). 
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SUMMARY 


It  was  shown  that  o-quinones  of  the  naphthofuran  and  benzindole  series  are  converted  to  furan  and  pyrrole 
derivatives  by  hydrogen  peroxide  In  an  alkaline  solution. 

Derivatives  of  5-tnethoxynaphthofuran  and  5-methoxybenzlndole  were  synthesized  for  testing  as  plant- 
growth  stimulants. 
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In  tlic  present  work  5-nItroselenophene-2-carbonyl  chloride  (I),  from  which  we  previously  prepared  5-nItro- 
2-acetoselenophcne  [1],  was  used  for  the  synthesis  of  a  series  of  substituted  amides  of  5-nitroselenophene-2- 
carboxylic  acid  (II)  and  also  w -derivatives  of  5-nitro-2-acetoselenophene. 

By  the  reaction  of  this  acid  chloride  with  dinr.eihylamine,  pyrrolidine,  piperidine,  and  morpholine,  we 
prepared  the  dimethylamide  of  5-nitroselenophcne-2-carboxylIc  add,  l-(5*-nitroselenenoyl-2)-morpholIne, 

We  also  treated  5-nliroselenophene-2-carbonyl  chloride  with  diazomethane  and  obtained  5-nItro-2-dl- 
azoacetoseienophenc  (II*J  in  70,5'^  yield, 

r~l  r“ I  M 

o,\— !•  '-coNn,  o.N-''  J-coci  cocun, 

's./  ■  'Se  Se' 

(II)  (I)  (III) 

NR,=  N(CHj),.  |;  _ y;  _ ^O. 

The  ether  solution  of  diazomethane  (obtained  from  nitrosomethylurea  [2])  required  preliminary  dlstllla- 
tion.as  traces  of  alkali  produced  ur  formation  and  the  yield  of  5-nIiro-2-diazoacetoselenop'hene  fell  sharply. 

It  should  be  noted  that  by  application  of  this  method  In  the  nitrofuran  series,  the  reaction  of  the  acid  chloride 
of  the  appropriate  acid  and  diazomethane  [3]  yielded  5-nltio-2-dlazoacetofuran  In  83.5‘5t  yield,  while  this  re¬ 
action  has  not  been  Investigated  as  yet  in  the  thiophene  series. 

By  hydrolysis  of  5-nItro-2-diazoacetoselenophene  with  dilute  sulfuric  acid  we  obtained  a  good  yield  (96*^) 
of  5-nItro-2-hydroxyacetoselenophene  (IV).  The  action  of  hydrogen  chloride  or  bromide  on  the  diazo  ketone 
formed  5-nitro-2-chloroacetoselenophene  (V)  (92.5‘5t)  and  5-nitro-2-bromoacetoselenophene  (VI)  (84‘)t),  while 
the  action  of  acetic  acid  yielded  5-nItro-2-acetoxyacetoselenophene  (Vn)  (88,5‘5t).  We  also  prepared  the  latter 
by  acylatlng  5-nItro-2-hydroxyacetosclenophene  with  acetyl  chloride  but  In  low  yield  (14.5‘)())  due  to  tar  forma¬ 
tion. 
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(IV)  X  =  OH.  (V)  X  =  Cl,  (VI)  X  =  Br.  (VII)  X  =  OCOCH.. 


S-NItro-2-chloroacetofuran  (96*^)  and  5-nItro-2-bromoacetofuran  (8S.S<^)  were  prepared  analogously  in 
the  nitrofuran  series  [4], 
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5-Nttro5elenophene-2 -carbonyl  chloride  (I),  A  mixture  of  1,1  g  of  5-nitroselenophene-2-carboxylIc  acid 
and  4.1  g  of  thionyl  chloride  was  boiled  for  1.5  hr  and  then  the  excess  thlonyl  chloride  removed  In  vacuum  at 
SO*.  Benzene  (7  ml)  was  added  and  removed  in  vacuum  at  50*  and  this  operation  repeated  twice  for  the  complete 
removal  of  thionyl  chloride.  We  obtained  0.95  g  (80‘7c)  of  yellow  crystals  with  m.  p,  43-45*.  This  preparation 
of  the  acid  chloride  could  be  used  successfully  for  subsequent  syntheses  without  further  purification;  a  pure  prod¬ 
uct  melts  at  53-53.5*  [1]. 

l-(5*-Nitroselenenoyl-2*)-pyrfolldine.  A  solution  of  0.37  g  of  pyrrolidine  in  1  ml  of  benzene  was  added 
dropwise  with  stirring  and  cooling  in  ice  and  salt  to  the  acid  chloride  (I)  (from  0.58  g  of  acid  and  2.15  g  of 
thionyl  chloride)  in  3.5  ml  of  benzene  and  the  mixture  left  at  20*  for  2  hr.  To  the  mixture  was  added  30  ml  of 
chloroform  and  the  solution  washed  with  water  and  dried  with  anhydrous  sodium  sulfate.  After  removal  of  the 
solvents,  the  residue  was  recrystallized  from  50‘’^  alcohol.  We  obtained  0.55  g  (76.5<5t,  calculated  on  the  acid, 
and  95.5*^,  calculated  on  the  acid  chloride)  of  yellow  crystals  with  m.  p.  164-165*. 

Found  C  39.80,  39.68;  H  3.83.  3.81;  Se  28.70,  28.68.  C^HicOjNjSe.  Calculated  oja.  C  39.57;  H  3.69; 
Sc  28.91, 

l-(5*-Nitroselenenoyl-2*)-piperldine.  As  described  above,  the  reaction  of  the  acid  chloride  (I)  (from 
0.58  g  of  acid  and  2.15  g  of  thionyl  chloride)  and  0.44  g  of  piperidine  yielded  0.6  g  (72.5*5^,  calculated  on  the 
acld.and  99'^,  calculated  on  the  acid  chloride)  of  yellow  crystals  with  m.  p.  73.5-74*  (from  50*^  alcohol). 

Found  <7c:  C  41.53,  41.54;  H  4.54,  4.38;  Se  27.18,  27.24.  CioHuQjNjSe.  Calculated  C  41.82;  H  4.21; 
Se  27.46. 

N-(5-Nitroselenenoyl-2)-morphollne.  As  described  above,  the  reaction  of  the  acid  chloride  (I)  (from 
0.58  g  of  acid  and  2.15  g  of  thionyl  chloride)  and  0.46  g  of  morpholine  yielded  0.62  g  (81.5‘5t,  calculated  on 
the  acid.and  '-100'^  calculated  on  the  acid  chloride)  of  yellow  crystals  with  m.  p.  101-102*  (from  50<)t  alcohol). 

Found  C  37.21,  37.29;  H  3.57,  3.57;  Se  27.00,  27.14.  CjHioO^N^Se.  Calculated  C  37.38;  H  3.48; 
Se  27.31. 

PimethylatTiide  of  5-nltroselenophene-2-carboxyllc  acid.  With  stirring  and  cooling,  a  mixture  of  1.13  g 
of  dimethylamine  hydrochloride  and  0,46  g  sodium  hydroxide  in  1.5  ml  of  water  was  added  dropwise  to  the  acid 
chloride  (I)  (from  0.58  g  of  acid  and  2.15  g  of  tliionyl  chloride)  In  2.5  ml  of  acetone.  The  precipitate  was  col¬ 
lected  and  washed  with  water.  We  obtained  0,41  g  (63*^,  calculated  on  the  acid.and  79<5fc,  calculated  on  the 
acid  chloride)  of  light  yellow  needles  with  m.  p.  105-106*  (from  water). 

Found  ^c:  C  34.18,  34.38;  H  3.52.  3.45;  Se  31.87,  31.84.  CjHgOjNjSe.  Calculated  C  34.02;  H  3.26; 
Se  31.95. 

5-Nit:o-2-diazoacetoselenophene  (III).  A  solution  of  the  acid  chloride  (I)  (from  11,8  g  of  acid  and  41  g 
of  thionyl  chloride)  in  80  ml  of  absolute  ether  was  added  dropwise  at  0*  to  a  distilled  ether  solution  of  diaze- 
methane  (100  ml)  (from  30  g  of  nitrosomethylurea  [2]);  there  was  vigorous  evolution  of  nitrogen  bubbles.  The 
flask  with  a  calcium  chloride  tube  was  left  In  the  dark  at  U*  for  2  hr  and  then  at  20*  for  16  hr.  The  precipitate 
was  collected  and  washed  with  ether.  We  obtained  5.19  g  of  the  diazo  ketone.  Evaporation  of  the  filtrate  to 
20  ml  at  a  temperature  of  no  higher  than  30*  yielded  a  further  2.18  g  of  less  pure  diazo  ketone.  The  yield  was 
7.37  g  (56,5'^,  calculated  on  5-ni:roselenopliene-2-carboxylic  acid.and  70.5‘)t,  calculated  on  the  acid  chloride) 
and  the  m.  p.  118-119*  (decomp.,  from  50‘^i!  alcohol);  the  product  formed  yellow  crystals. 

Found  C  29.62,  29.81;  H  1.46,  1.57;  Se  32.15,  32.25.  CeHjQsNjSe.  Calculated  C  29.52;  H  1.24; 
Se  32.35. 

When  an  unredistilled  ether  solution  of  diazomethane  was  used,  the  yield  of  the  diazo  ketone  did  not  ex¬ 
ceed  33*^  [calculated  on  the  acid  chloride  (I)]. 

5-Nitro-2-hydroxyacetoselenophene  (IV).  A  mixture  of  3,2  g  of  5-nitro-2-dlazoacetoselenophene  and 
40  ml  of  4  ^  sulfuric  acid  was  heated  on  a  boiling  water  bath  for  30  min  until  the  evolution  of  nitrogen  ceased> 
and  then  cooled  with  ice.  We  obtained  2.95  g  (96*^)  of  yellow  crystals  with  m,  p.  108-109*  (from  water). 
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Found  C  31.13.  31.21;  H  2.40,  2.37;  Sc  33.52,  33.64.  C*H504NSc.  Calculated  ^  C  30.79;  H  2.1b; 

Sc  33.72. 

Semtcarbazone.  From  0.58  g  of  the  ketone  (IV),  0,28  g  of  semlcarbazlde  hydrochloride,  and  0.45  g  of 
sodium  acetate  in  50  ml  of  water  we  obtained  0,64  g  (88,5'^)  of  yellow  crystals  with  m,  p.  227-229*  (decotnp., 
from  alcoholX 

Found  C  29.13,  28.79;  H  2.96,  3.06;  Se  26.92,  26.98.  C7H804N4Se.  Calculated  ‘)t:  C  28.88;  H  2.77; 

Se  27.12. 

5-Nltro-2-chloroacetoselenophene  (V).  A  0.7-g  sample  of  5-nItro-2-dlazoocetoselenophene  was  added  to 
30  ml  of  absolute  ether  saturated  with  dry  hydrogen  chloride  and  the  mixture  left  at  20*  for  4  hr.  Evaporation 
of  the  etlier  yielded  0.67  g  (92.5*5^)  of  the  chloro  ketone  with  m.  p.  131-131.5*  (from  llgroin);  the  product  formed 
yellow  needles. 

Found  O]^.  C  28.17,  28.18;  H  1.81, 1.56;  Se  28.58,  28.67.  C4H40sNClSe.  Calculated  ^z  C  28.53;  H  1.60; 
Se  28.89. 

5-Nitro-2-bromoacetoselenophene  (VI).  With  cooling  In  Ice  and  shaking.  1.5  ml  of  41 hydrobromlc  acid 
was  added  to  0.61  g  of  5-nltro-2-dlazoacetoselenophene  In  50  ml  of  ether,  stirring  continued  for  a  further  hour, 
and  the  mixture  extracted  with  ether.  The  ether  extracts  were  waslied  with  water  and  dried  with  anhydrous  sod¬ 
ium  sulfate, and  die  ether  was  evaporated.  We  obtained  0,62  g  (84*?!?)  of  the  bromo  ketone  with  m.  p.  125,5-126* 
(from  llgroln);  the  product  formed  yellow  crystals. 

A  mixed  melting  point  with  a  preparation  of  5-nitro”2-bromoacet05elenophene  [5]  obtained  by  bromlna- 
tlon  of  5-nitro-2-aceioselenophene  was  not  depressed. 

5-Nltro-2-acctoxyacetoselenophene  (VII).  a)  A  mixture  of  0.7  g  of  5-nitro-2-dlazoacetoselenophenc  and 
4.5  ml  of  glacial  acetic  acid  was  boiled  for  40  min,  cooled,  diluted  with  10  ml  of  water,  and  neutralized  with 
sodium  bicarbonate  and  the  precipitate  collected.  We  obtained  0.7  g  (88,5')t)  of  the  acetate  as  yellow  crystals 
with  m,  p,  97.5-98*  (from  ligroln). 

Found  ‘)t;  c  34.73,  34.80;  H  2.71,  2.68;  Se  28.29,  28.38.  CsHTOjNSe.  Calculated  C  34.79;  H  2.55; 

Se  28.59. 

b)  Tc  a  stirred  solution  of  0.58  g  of  5-nitro-2-hydroxyacetoselenophcne  in  3  ml  of  glacial  acetic  acid 
was  added  1.5  ml  of  acetyl  chloride  dropwlse.  The  mixture  was  heated  at  50*  for  30  min,  cooled,  and  poured 
Into  50  ml  of  water  and  the  precipitate  collected.  We  obtained  0.1  g  (14.5f5t)  of  the  acetate  with  m.  p.  97,5- 
98*  (from  llgroin),  A  mixed  melting  jxilnt  with  the  previous  preparation  of  (VIl)  was  not  depressed. 

SUMMARY 

1,  The  reaction  of  5-nitroselenophene-2-carbonyl  chloride  with  secondary  amines  proceeds  smoothly  and 
leads  to  the  corresponding  substituted  amides  of  this  acid. 

2.  5-Nitroselenophene-2-carbonyl  chloride  reacts  readily  with  diazomethane  to  form  5-nltro-2-diazo- 
acetoselenophene,  hydrolysis  of  which  leads  to  5-nltro-2-hydroxyacetoselenophene,and  chlorolysis  and  bromolysis 
of  the  latter  give  5-nitro-2-chloroaceioselenophene  and  5-nitro-2-bromoacetoselenophene,  respectively,  while 
acetolysis  gives  5-nitto-2-acetoxyacetoselenophene, 
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The  analogy  in  the  properties  of  the  Isoxazole  and  pyridine  nuclei,  which  was  pointed  out  previously  on 
the  basis  of  an  investigation  of  electrophilic  substitution  of  some  isoxazole  derivatives,  carried  out  In  our  lab¬ 
oratory  [1,  2],  makes  it  interesting  to  study  other  reactions  for  comparing  the  behavior  of  the  two  heterocyclic 
systems.  One  characteristic  of  pyridine  derivatives  is  the  capacity  of  the  methyl  groups  in  a-  and  y  -plcollnes 
for  crotonic  condensation  with  aldehydes  [3],  Reactions  of  tliis  type,  which  are  also  characteristic  of  some  other 
aromatic  heterocyclic  systems  (thiazole  and  oxazole),  have  hardly  been  studied  for  isoxazole  derivatives.  The 
only  examples  of  this  type  of  reaction  are  crotonic  condensation  of  3,5-dlmethyl-  and  3-pl>enyl-5“methyl-4- 
nltroisoxazoles  [4]  and  also  quaternary  salts  of  3-methyl-5-phenyl-  and  3,5-dimethyllsoxazole  [5],  However, 
due  to  the  well-kno\;n  activation  of  the  methyl  group  by  a  nitro  group  and  a  quaternary  ammonium  grouping, 
these  reactions  do  not  characterize  the  effect  of  the  heterocyclic  nucleus  of  isoxazole  itself  on  the  lability  of 
the  hydrogen  atoms  of  the  methyl  groups. 

In  order  to  determine  the  capacity  of  methyl  groups  attached  to  an  unactivated  isoxazole  nucleus  for 
crotonic  condensation,  we  studied  the  condensation  of  some  methyl isoxazoles  witn  aromatic  aldehydes.  The 
reaction  was  studied  mainly  on  the  interaction  of  3,5-dimethylisoxazole  and  benzaldehyde.  A  condensation  in 
the  presence  of  acetic  anhydride  or  zinc  chloride  under  conditions  typical  of  the  condensation  of  picollnes  with 
aldehydes  gave  negative  results  due  to  strong  tar  formation;  no  substances  containing  an  isoxazole  nucleus  could 
be  isolated.  Condensation  did  not  occur  in  the  presence  of  dlethylamine. 

A  positive  result  was  obtained  by  heating  a  mixture  of  3,5-dimethylisoxazole  and  benzaldehyde  in  the 
presence  of  dry  hydrogen  chloride  in  a  sealed  ampoule  at  90-100*  However,  the  substance  with  t'ne  composition 
CuH^ONCl  obtained  in  this  way  did  not  correspond  in  its  properties  to  the  condensation  product  of  dimethyl- 
isoxazole  through  one  of  the  methyl  groups;  in  particular,  it  was  impossible  to  prepare  the  corresponding  styryl 
derivative  from  it.  In  actual  fact,  the  substance  obtained  was  found  to  be  phenyl -(3,5-dimethylisoxazolyl-4)- 
chloromethane  (I),  i.e.,  it  was  formed  as  a  result  of  condensation  at  position  4  of  the  isoxazole  nucleus.  The 
structure  of  this  substance  was  demonstrated  by  reducing  it  with  zinc  in  acetic  acid  [6]  to  3,6-dImethyl-4-bcn2yl- 
isoxazole  [2],  which  was  identical  with  the  substance  obtained  by  synthesis  from  a-benzylacetylacetone. 
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The  yield  of  tlie  condensation  product  of  3,5-dIniethyllsoxazole  and  benzaldehyde  depended  strongly  on 
the  reaction  conditions.  The  best  results  were  obtained  by  heating  an  equltnolecular  mixture  of  the  compoiicnts 
In  the  presence  of  0,7-0.8  equlv.  of  hydrogen  chloride  for  35  hr. 

We  attempted  to  extend  the  reaction  to  other  aldehydes  and  isoxazole  derivatives.  Of  the  aldehydes,  only 
prtolualdehyde  and  cumaldeliyde  gave  condensation  products,  but  in  yields  of  18  and  14'^:  on  the  3,5-dlmethyl- 
Isoxazole  introduced  Into  the  reaction.  Condensation  products  could  not  be  obtained  with  anlsaldehyde,  a-naph- 
aldehyde,  m-nitrobenzaldehyde,  2,4-dinitrobenzaldehyde,  or  chloral. 

An  attempt  to  carry  out  the  reaction  with  monomcthyllsox azoles  did  not  give  positive  results,as  the  latter 
were  found  to  be  insufficiently  stable  under  the  reaction  conditions.  From  the  products  of  the  rea''tion  of  5- 
methyllsoxazole  and  benzaldehyde  we  were  able  to  Isolate  a  crystalline  substance,  which  could  be  assigned  the 
structure  of  a-cyanodibenzalacetone  (III)  on  the  basis  of  analysis  data;  Its  formation  may  be  explained  by  Initial 
opening  of  the  5-methyllsoxazole  ring  [7]  and  subsequent  condensation  of  tiie  6 -l<eto-butyronItrIle  formed  with 
benzaldehyde. 
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The  formation  of  substituted  aryl-(3,5-dImethylisoxazolyl-4)-chlotomethanes  by  condensation  of  3,5- 
dimethyllsoxazole  with  aromatic  aldehydes  is  the  result  of  a  reaction  which  is  similar  in  character  to  the  chloro- 
methylatlon  of  Isoxazoles  that  was  studied  in  our  laboratory  [2],  though  It  requires  considerably  more  drastic 
conditions.  The  mechanism  of  this  reaction  can  evidently  be  Illustrated  by  a  scheme  analogous  to  that  adopted 
for  chloromethylation. 
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This  mechanism  Is  compatible  with  the  need  to  use  more  drastic  conditions  in  the  given  reaction  than  In 
chloromethylation.  It  Is  clear  that  the  electrophilic  activity  of  the  carbonium  cation  (IV)  Is  low  in  our  case 
due  to  the  nucleophillcity  of  the  neighboring  aromatic  nucleus. 

Thus,  while  plcollne  reacts  through  Its  methyl  group  in  condensation  with  aldehydes,  on  the  contrary,  the 
nucleus  reacts  In  dimethyllsoxazole.  This  sharp  difference  In  the  behavior  of  these  nvo  heterocyllc  systems  Is 
the  logical  consequence  of  the  considerably  higher  tendency  of  the  isoxazole  nucleus  for  electrophilic  substitu¬ 
tion  In  comparison  with  the  pyridine  nucleus  and  considerably  less  manifestation  of  the  free  electron  pair  at  the 
nitrogen  atom  In  the  ring. 

The  halgen  derivatives  of  Isoxazole  obtained  by  the  procedure  described  in  this  communication  are  analogs 
of  benzohydryl  chloride, and  the  halogen  atom  should  be  quite  labile,  a  fact  which  may  be  used  In  the  synthetic 
chemistry  of  Isoxazole.  Thus,  treatment  of  a  suspen;lcn  of  them  in  boiling  water  with  freshly  precipitated  lead 
oxide,  as  we  described  [2]  for  the  hydrolysis  of  chloromethylation  products,  gave  a  high  yield  of  Isoxazolylaryl- 
carbinols.  analogous  to  benzohydrol. 
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The  carbinols  obtained  could  then  be  oxidized  with  chromic  anhydride  to  ketones,  analogously  to  benzo 
phenone,  which  could  also  be  prepared  by  direct  oxidation  of  the  chlorides  with  chromic  mixture. 

In  the  oxidation  of  p-tolyl-(3,5-dlmethylIsoxazolyI-4)-chloromethane  with  chromic  mixture,  together  with 
oxidation  of  the  chloromethyl  group  to  a  carbonyl  group,  there  was  oxidation  of  the  methyl  group  in  the  aromatic 
nucleus,  and  3,5-dimethy~l -(p-carboxybcnzoyl)-isoxazole  was  formed.  As  is  known  [2J,  methyl  groups  of  the  Isox 
azole  ring  are  resistant  to  oxidation  under  these  conditions. 

Finally,  we  made  an  attempt  to  prepare  the  Isoxazole  analog  of  the  known  antihistaminlc  preparation  dl- 
medrol  (O-benzohydryl  ether  of  b-dlmethylaminocthanol)  by  condensation  of  phenyl-(3,5-dImethylisoxazolyl-4)- 
chloromethanc  v/ith  dimetliylaminoethanol  in  the  presence  of  sodium.  However,  the  only  compound  which  could 
be  isolated  from  the  reaction  was  the  product  of  a  Wurtz  condensation,  namely  l,2-dlphenyl-l,2-di-(3*,5*-dl- 
methylisoxazolyl-4')-ethane. 
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EXPERIMENTAL 

Aryl- (3, 5-dlmethylIsoxazolyl-4)-chlorome thanes.  An  equimolecular  mixture  of  3,5-dimethylisoxazolc 
and  freshly  distilled  aromatic  aldehyde  with  0.75-0.77  equlv.  of  dry  hydrogen  chloride  was  heated  In  a  sealed 
ampoule  on  a  boiling  water  bath  for  35  hr.  The  reaction  mixture  was  then  poured  into  an  equal  volume  of  water, 
neutralized  with  sodium  carbonate,  and  extracted  with  benzene.  The  benzene  extracts  were  dried  over  calcium 
chloride,  the  solvent  and  unreacted  starting  materials  removed  by  distillation  In  a  stream  of  nitrogen  and  the 
residue  vacuum  distilled. 

The  substance  obtained  was  contaminated  with  a  small  amount  of  aldehyde,and  for  removal  of  this  the 
substance  was  left  for  several  days  in  air;  during  this  time  the  aldehyde  was  oxidized  to  the  acid,  which  was  re¬ 
moved  by  extraction  v/ith  potassium  carbonate  solution;  the  substance  was  extracted  with  benzene,  the  extracts 
were  dried  over  calcium  chloride,  and  after  removal  of  the  solvent,  the  residue  was  vacuum  distilled  (Table  1), 

The  aryl-(3,5-dimethyllsoxazolyl-4)-chioromethanes  obtained  were  odorless  yellowish  oils,  which  were 
readily  soluble  in  organic  solvents  and  stable  during  storage. 

Condensation  of  5-methylisoxazole  with  benzaldehyde.  The  reaction  was  carried  out  as  above  with  8.3  g 
of  5-meihylisoxazolc,  10.6  g  of  benzaldehyde,  and  1.5  g  of  hydrogen  chloride.  After  treatment  of  the  reaction 
mixture  with  water,  the  precipitate  was  collected  and  washed  with  ether  on  the  filter.  We  obtained  1.5  g  of 
a-cyanodibenzalacctone  with  m.  p.  144-147*.  After  three  recrystallizations  from  benzene,  the  substance  had 
m,  p.  152,5*. 

The  fine  lemon  crystals  were  readily  soluble  in  chloroform  and  dichloroethane,  sparingly  soluble  In  ether, 
acetone,  and  ligroin,  and  insoluble  in  water.  A  solution  in  chloroform  decolorized  bromine  water  and  permanga¬ 
nate  solution. 

Found  C  83.16,  83.00;  H  5.13,  5.12;  N  5.15,  5.01.  CijHijON.  Calculated  C  83.38;  H  5.05; 

N  5.40. 

Aryl-(3.5-dimcthylisoxazolyl-4)-carbInols.  A  solution  of  the  aryl-(3,5-dimethyloxazolyl-4)-chloro- 
methane  in  dioxane  was  added  dropwise  with  stirring  to  a  suspension  of  a  2-fold  excess  of  freshly  precipitated 
lead  oxide  in  boiling  water;  the  reaction  mixture  was  then  boiled  with  stiring  for  15  min  and  cooled  and  the 
precipitate  removed  and  waslied  with  chloroform  on  the  filter.  The  filtrate  was  extracted  with  chloroform  and 
the  combined  extracts  were  dried  over  magnesium  sulfate.  After  removal  of  the  solvent,  the  residue  was  vacuum 
distilled.  The  yields,  constants,  and  analyses  of  the  carbinols  obtained  are  given  in  Table  2. 

The  substances  obtained  were  yellowish,  odorles,  very  viscous  oils,*  which  were  readily  soluble  in  chloro¬ 
form,  ether,  and  benzene  and  sparingly  scluMe  in  methanol  and  ligroin.  They  were  stable  during  storage. 

•On  prolonged  standing  plier.yl-(3,5-dImethyllsoxazolyl-4)-catbinol  formed  fine  colorless  crystals  with  m,  p. 
52.5-53.5*  (  from  a  mixture  of  ether  and  n-pentane). 
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3.5- Pimcthyl-4-bcnzoyloxa2ole.  a)  To  7  g  of  phcnyl-(3,5-dImetiiylIsoxazolyl-4)-chloromethane  was 
added  a  solution  of  15  g  of  potassium  bictiromate  in  70  ml  of  water,  and  35  ml  of  concentrated  sulfuric  acid  was 
introduced  dropwise.  Wlicn  spontaneous  boiling  of  the  reaction  mixture  ceased,  the  latter  was  heated  for  a  fur¬ 
ther  5  min,  cooled,  poured  into  water,  and  neutralized  with  potassium  carbonate.  The  precipitate  was  removed 
by  filtration  and  treated  several  times  with  hot  benzene.  Removal  of  the  solvent  yielded  3,75  g  (59‘^)  of  3,5- 
dimethyl-4-bcnzoylisoxazole  with  m.  p.  60-61*. 

b)  To  a  solution  of  0.55  g  of  phenyl-(3,5-dimethylisoxazolyl-4)-carbinol  in  10  ml  of  acetic  acid  was 
added  a  solution  of  0,76  g  of  chromic  anhydride  in  1  ml  cf  water.  The  solution  was  boiled  under  reflux  for  1  hr 
and  diluted  with  water  to  liberate  an  oil,  which  crystallized'after  a  few  days.  We  obtained  0,35  g  of  3,5-di- 
methyl-4-benzoylisoxazole  with  m.  p.  61-62*,  which  did  not  depress  the  melting  point  of  the  sample  obtained 
by  method  "a*.  After  three  recrystallizailons  from  benzene,  the  ketone  had  m.  p.  62-63*,  3,5-Dimethyl-4- 
benzoylisoxazole  formed  colorless  crystals,  which  were  readily  soluble  in  ether  and  chloroform  and  stable  during 
storage. 

Found  C  71.91,  72.16;  H  5.24,  5.44;  N  6.69,  6.70.  CuHaOjN.  Calculated  C  71.62;  H  5.51; 

N  6.96. 

3.5- Dimethyl-4-(p-carboxybenzoyl)-isox2zole.  To  3.6  g  of  p-tolyl-(3,5-dimethylisoyazolyl-4)-chloro- 
methane  was  added  a  solution  of  7,2  g  of  potassium  bichromate  in  35  m!  of  water.and  17  ml  of  concentrated 
sulfuric  acid  was  introduced  dropwise.  The  reaction  mixture  evolved  heat  and  boiled;  it  was  boiled  for  1  hr, 
cooled,  and  diluted  with  an  equal  volume  of  water.  The  precipitate  was  collected  and  dissolved  in  boiling 
acetic  acid.  Cooling  the  solution  yielded  1.7  g  of  3, 5-dimethyl -4-(p-carboxybenzoyi)-isoxazole,  which  had 
m.  p.  196-197*  (in  a  sealed  capillary)  after  two  recrystallizations  from  acetic  acid.  The  colorless  crystalline 
substance  partly  sublimed  on  heating.  It  was  readily  soluble  in  acetone,  sparingly  soluble  in  ether,  benzene, 
and  chloroform,  and  insoluble  in  water.  It  was  stable  during  storage. 

Found  N  5.93,  5,90,  C13H11O4N.  Calculated  N  5.71. 

3-Den2yl-2.4-pentanedlone.  Into  a  thiee-necKed  flask  with  a  stirrer  and  reflux  condenser  were  placed 
100  g  of  acetylacctonc,  126  g  of  benzyl  chloride,  70  g  of  potassium  carbonate,  and  100  ml  of  water,  the  mix¬ 
ture  boiled  for  4  hr  with  vigorous  stirring,  and  then  the  aqueous  layer  separated  and  extracted  with  ether.  The 
organic  layer  and  ether  extracts  were  dried  over  magnesium  sulfate,  the  solvent  and  unreacted  starting  materials 
removed  by  distillation,  and  the  residue  was  vacuum  distilled.  We  obtained  58  g  (30*^  on  the  acetylacetonc  taken 
and  51‘yc  on  that  reacting)  of  3-benzyl-2,4-pentanedione. 

B.  p.  135-136*  (7  mm),  n?°D  1.5306,  1.059.  Literature  data:  b.  p.  143-146*  (10  mm)  [8],  1.063[9]. 

3.5- Dimcthyl-4-benzylisoxazole.  a)  Into  a  three-necked  flask  with  a  stirrer  and  reflux  condenser  was 
placed  a  solution  of  20  g  of  phenyl-(3,5-dimethyllsoxazolyl-4)-chloromethane  in  75  ml  of  glacial  acetic  acid. 

To  the  boiling  reaction  mixture  was  added  20  g  of  zinc  dust  in  small  portions.  The  reaction  mixture  was  heated 
and  stirred  for  2  hr,  poured  into  water,  and  neutralized  with  potassium  carbonate  and  the  excess  zinc  removed 

by  filtration  and  washed  with  chlorofonn  on  the  filter.  The  filtrate  was  extracted  with  chloroform,  the  combined 
extracts  were  dried  over  calcium  chloride,  the  solvent  was  removed,  and  the  residue  fractionated  in  vacuum. 

We  obtained  6,4  g  (38'yt)  of  3,5-dimethyl-4-benzylisoxazole  with  b.  p.  95*  at  0,5  mm.  The  chloroferrate.  which 
was  obtained  by  a  known  procedure  [10],  had  m,  p.  75-76*. 

b)  Over  a  period  of  1  hr,  an  aqueous  solution  of  25  g  of  hydroxylamine  hydrochloride  neutralized  with 
potassium  carbonate  was  added  dropwise  to  33  g  of  3-benzyl-2,4-pentanedione  heated  on  a  boiling  water  bath. 
The  mixture  was  then  heated  for  a  further  4  hr,  cooled,  and  extracted  with  chloroform  and  the  extract  dried 
over  calcium  chloride.  The  solvent  was  removed  and  the  residue  vacuum  distilled.  We  obtained  15  g  (46<^)  of 

3,5-dimethyl-4-benzylisoxazole  with  b.  p.  95-97*  (0.5  mm).  After  redistillation,  the  product  had  b,  p.  95* 

(0.5  mm),  i?®D  1.5365,  <f®4  1.066. 

Found  ojc'  N  7.13,  7.14,  CaHuON.  Calculated  ‘5fe;  N  7.48. 

The  colorless,  oily  liquid  with  a  weak  odor  was  miscible  with  organic  solvents  and  stable  during  storage. 

The  chloroferrate  of  3,5-dimethyl-4-benzylisoxazole  had  m.  p.  76-77*  and  did  not  depress  the  melting 
point  of  the  chloroferrate  of  the  sample  obtained  by  method  ”a.* 
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Condensation  of  phenyl-(3,5-dlmethylisoxazolyl-4)-ch1oromethane  with  S-dimethyl.imlncvethanol,  A 
solution  of  23.5  g  of  pl)enyl“(3,5-o’imcthyllsoxazolyl-4)-c.hloromethanc  In  20  ml  of  dlmethylaminoethanol  was 
added  dropwise  with  stirring  and  cooling  in  a  mixture  of  ice  and  salt  to  a  solution  prepared  from  2.44  g  of  sod¬ 
ium  and  60  ml  of  fl -dlmethylaminoethanol.  The  cooling  mixture  was  removed  and  the  reaction  mixture  stirred 
at  room  temperature  for  4  hr.  It  was  then  diluted  with  100  ml  of  absolute  ether,  the  precipitate  of  sodium  chlor¬ 
ide  removed  by  filtration,  and  the  solvent  and  excess  aminoethanol  were  removed  by  distillation.  The  residue 
partly  crysullized  on  standing  In  a  refrigerator.  We  obtained  5.3  g  of  l,2-dlphenyl-l,2-dl-(3*,5*-dlmethyl- 
lsoxazolyl-4*)-ethane.  with  m.  p.  196-197*.  After  recrystallization  from  aqueous  methanol,  the  substance  had 
m,  p.  206*.  The  fine,  colorless  crystals  were  soluble  in  benzene,  methanol,  acetone,  and  dichloroethane.  In¬ 
soluble  in  etiier  and  ligroin,  and  stable  during  storage. 

Found  '7c:  C  77.97;  H  6.03  (the  substance  burned  with  explosions);  N  7.27,  7.57,  C24H24O2N2,  Cal¬ 
culated  :  C  77.39;  H  6.49;  N  7.52. 

Vacuum  distillation  of  the  filtrate  yielded  3.85  g  of  the  starting  chloride  with  b.  p.  126-130*  (1  mm), 
r^®D  1.5550. 

SUMMARY 

1.  The  reaction  of  3,5-dirncthylisoxazole  with  aromatic  aldehydes  was  studled,and  it  was  shown  that  the 
methyl  groups  do  not  participate  in  the  condensation,  which  proceeds  through  the  hydrogen  atoms  at  carbon 
atom  4  of  the  Isoxazole  nucleus.  This  condensation  is  a  new  example  of  electrophilic  substitution  In  the  Isox- 
azole  series. 

2.  We  studied  some  reactions  of  the  aryl-(3,5-dlmethyllsoxazolyl-4)-ch!oronjethanes  obtained,  in  parti¬ 
cular,  their  hydrolysis  to  yield  arylcarbinols  and  oxidation  to  ketones. 
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In  previous  communications  in  this  series  [1-3],  tlie  results  of  investigating  the  kinetics  of  the  reaction  of 
p-nitrobcnzoyl  chloride  with  amino  derivatives  of  tlie  structures  (I)  and  (II)  in  benzene  were  presented. 


■''-<1 

(I) 


—Ml. 


— M- 


•Nil... 


(It) 


where  M  is  an  oxygen  or  sulphur  bridging  atom.  It  was  shown  that  the  effect  of  the  nitro  group  on  the  rate  of 
acylation  of  the  amino  group  in  the  molecular  systems  (III)  is  appreciably  greater  than  in  the  case  of  the  bi¬ 
phenyl  system  (IV), 


(''=  "  or  S). 

(Ill)  (IV) 

where  there  is  no  bridge  separating  the  benzene  nuclei.  It  was  found  that  a  more  or  less  quantitative  charac¬ 
teristic  of  the  capacity  for  transmitting  the  intereffect  of  the  NO2  and  NH^  groups  In  the  molecular  systems  of 
type  (III)  and  (IV)  is  the  ratio  of  the  rate  constants  for  the  reactions  of  mono-  and  disubstituted  derivatives,  for 
example,  Ki/Ku  (  /  factor). 

In  the  present  communication  we  present  data  on  the  kinetics  of  analogous  reactions  of  amino  derivatives 
of  diphenyl  oxide  and  sulfide  with  picryl  chloride  under  exactly  the  same  conditions  as  previously. and  these 
confirmed  previous  observations  by  kinetic  results  for  a  reaction  which  is  particularly  sensitive  to  structural  changes 
In  the  molecules  of  the  aromatic  amino  derivatives  [4].  To  complete  the  picture,  we  prepared  similar  deriva¬ 
tives  of  diphenyl  selcnide  and  also  studied  their  reactivity  toward  picryl  chloride. 

EXPERIMENTAL 

1.  Preparation  and  Purification  of  Starting  Materials 

Benzene  and  picryl  chloride  [4]  were  purified  as  reported  previously.  4-Aminodlphenyl  oxide  (I,  M  =  O), 
4-amino-4*-nitrodiphenyl  oxide  (II.  M-  O),  and  4-aminodlphenyl  sulfide  (I.  M  =  S)  were  prepared  and  purified 
as  described  in  our  articles  [1,  2].  4-Amlno-4*-nltrodiphcnyl  sulfide  (II,  M  =  S)  was  prepared  by  partial  reduc¬ 
tion  of  4,4*-dinitrodiplienyl  sulfide  both  with  so'dium  disulfide  [2]  and  by  the  method  described  below  for  the 
preparation  of  the  analogous  aminonitro  derivative  of  diphenyl  selenide. 
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4-Amlnodiphcnyl  sclcnide*  was  prepared  [5]  by  heating  phenylseleninlc  acid  [6]  with  aniline.  Tlic  authon 
of  [5]  recommended  that  tlic  excess  aniline  be  removed  by  steam  distillation  after  the  reaction  and  the  product 
extracted  from  tl»e  residue  with  hydrochloric  acid.  In  this  case  the  amine  was  very  impure  and  had  a  violet  color 
due  to  Impurities,  which  were  difficult  to  remove  from  it.  We  found  that  it  was  best  to  raise  the  steam  tempera¬ 
ture  to  150*aftcr  distillation  of  the  aniline.  Under  these  conditions,  almost  colorless  4-aminodlphenyl  selenide 
distilled  readily  and  its  further  purification  presented  no  difficulties.  For  this  purpose  the  amine  was  converted 
to  the  salt  and  recrystallizcd  five  times  from  lO’it  sulfuric  acid  (at  firstwiih  activated  charcoal).  The  free  base 
was  liberated  by  gently  heating  the  salt  with  a  small  amount  of  aqueous  ammonia  (careful  grinding)  and  this  was 
recrystallizcd  three  times  from  aqueous  methanol  (3il)  and  finally  from  a  mixture  of  ligroin  and  benzene  (2: 1). 
After  being  dried  in  vacuum  for  2-3  hr  at  80*.  the  product  had  m.  p.  94*.  which  corresponds  to  literature  data  [5], 

4,4*-DIniirodlphcnyl  selenide.  To  prepare  this  compound,  we  used  Matti’s  procedure  [7],  into  which  a 
number  of  changes  and  refinements  were  Introduced.  A  mixture  of  G  g  of  metallic  selenium  and  9  g  of  solid 
potassium  hydroxide  was  fused  in  a  refractory  tube  for  2  lir  wiili  periodic  stirring  at  140*  (in  the  bath).  The  dark 
red  melt  formed  (rapidly  solidifying  on  cooling)  was  washed  with  several  portions  of  cold  water  (a  total  of  100ml) 
into  a  solution  of  40  g  of  p-niirochlorobenzenc  in  300  ml  of  ethanol.  The  mixture  obtained  was  boiled  under 
reflux  with  jjerlodic  shaking  for  7  hr.  The  precipitate  which  formed  on  cooling  was  collected,  dried,  and  dis¬ 
solved  in  dichloroethane.  By  filtration  of  this  solution  we  separated  about  4  g  of  unbound  selenium  (cf.  [8]), 
which  was  quite  suitable  for  repeat  operations,  and  after  evaperation  of  the  solvent  tlic  solid  crystalline  product 
was  treated  with  steam  to  remove  unreacted  p-nitrochlorobenzene.  The  residue,  which  consisted  of  impure 
4,4*-dinitrodIphenyl  selenide  (4.5  g,  m.  p.  98-100*),  was  chromatographed  in  benzene  solution  on  alumina 
(100  ml  of  benzene  per  g  of  nitro  compound  and  elution  with  the  same  solvent)  and  then  rccrystallized  from 
ethyl  acetate.  The  m.  p.  was  1G9-171*, 

4-Amlno-4*-nltrodlphcnyl  sclcnide  (II,  M  -=56).  A  mixture  of  2  g  of  4,4*-dlnItrodlphenyl  selenide,*  *  20  g 
of  p-dichlorobcnzcnc,  and  2  ml  of  pheuylhydrazine  was  heated  on  a  paraffin  bath  with  the  temperature  gradually 
raised  [9].  Reduction  began  at  135*  and  was  complete  after  4-5  hr  at  170*  (the  course  of  the  reaction  was  fol¬ 
lowed  by  the  rate  of  evolution  of  nitrogen  bubbles),  and  then  the  whole  mixture  was  dissolved  in  a  sufficient 
amount  of  benzene  and  a  stream  of  dry  hydrogen  chloride  passed  through  the  solution.  The  precipitate  of  the 
hydrochloride  was  collected,  washed  carefully  with  benzene,  and  tlien  dissolved  in  the  minimal  amount  of  hot 
10‘/;  sulfuric  acid.  The  sulfate  obtained  on  cooling  tlie  solution  was  recrystallizcd  twice  from  lOfc  sulfuric  acid 
(activated  charcoal).  The  yield  of  the  sulfate  was  2.1  g  (  ~100^).  Grinding  the  salt  with  warm  aqueous  ammo- 
tiia  yielded  the  free  base,  which  was  orange.  This  was  cliromatographed  in  a  mixture  of  benzene  and  ligroin 
(1;  1)  on  alumina  and  tlic  product  eluted  with  benzene.  The  amine  v/as  then  recrystallized  successively  from 
methanol,  n-butanol.  and  benzene.  After  being  dried  in  vacuum  at  100*,  the  product  had  m.  p,  123-124*. 

Found  ‘yc;  NHj  [10]  5,4G,  5.48.  C^HioOjNjSe.  Calculated  NHj  5.47. 

For  Identification  purposes,  the  4-amino-4’-nitrodiphenyl  selenide,  which  has  not  been  described  in  the 
literature,  was  reduced  with  hydrazine  hydrate  in  alcohol  in  the  presence  of  Raney  nickel  [11]  (cf.  [1,  9, 12, 13]) 
to  4,4’-diaminodIphenyl  selenide,  which  has  been  described  previously  [7],  and  the  latter  was  heated  with  a  mix¬ 
ture  of  equal  volumes  of  glacial  acetic  acid  and  acetic  anhydride  for  2  hr  at  100*  (the  product  was  isolated  by 
pouring  the  reaction  mixtuie  into  water  and  recrystallized  from  dilute  acetic  acid)  to  yield  the  diacetyl  deriva¬ 
tive.  which  is  also  known  [7], 

II.  Kinetic  Measurement  Procedure  and  Results 

The  procedure  for  measuring  the  reaction  rates  and  also  the  methods  of  calculating  the  second  order  rate 
constants,  Arrhenius  activation  energies  (Ea),  frequency  factors  (A),  and  activation  entropies  ( )  were  de¬ 
scribed  previously  [14],  In  all  experiments  the  initial  picryl  chloride  concentration  (a)  was  half  the  initial 
amine  concentration  (b). 

The  results  obtained  on  the  kinetics  of  the  reactions  studied  are  given  in  Tables  1-G,  where  Jt  (liters/mole* 
•sec)  is  the  mean  value  of  the  rate  constants  with  k|  that  for  the  given  time  Interval  tj  for  n^  measurements  and 


•  The  student  V,  M.  Zikranets  helped  with  the  synthesis  of  amino  derivatives  of  diphenyl  selenide. 

•  *  The  same  results  were  obtained  with  the  product  which  had  been  purified  by  chromatography  alone  and  with 
the  sample  which  had  also  been  rccrystallized  from  ethyl  acetate. 
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TABLE  1 


Kinetics  of  the  Reaction  of  4-Amlnodlphenyl  Oxide  with  Plcryl  Chloride  (a  =  0.0025  M; 
b  =  0.000  M) 


ri"  ,  II  wi* 


l4 

(min) 

YieldC^fc) 

kj  (liter/ 
mole*  sec) 

1 

1 

"  1 
(min)  ' 

Yieldf^fc) 

ki  (liter/ 
mole  •  sec) 

"4 

3 

20.1 

0.281 

2 

2 

33.6 

0.875 

1 

5 

29.7 

0.2.S3 

3 

3 

41.3 

0.810 

2 

10 

45.1 

0.276 

3 

5 

55,8 

0.870 

2 

15 

.57.6 

0.304 

4 

7 

64.7 

0.905 

2 

28 

70.5 

0.286 

3 

10 

71.3 

0.858 

2 

^25®  ~ 

88  ±  0.007 

kr^  =0.862  ±  0.037 

/J^==S'iO0  cal/mole  ; log.l  =  5.60;  ^5*  =  — 35,0  cal/deg*mole 


TABLE  2 

Kinetics  of  the  Reaction  of  4-Amino-4*-Nltrodiphenyl  Oxide  with  Plcryl  Chloride 
(a  =  0.0025  M;  b  =  0.005  M) 


:s.»  I 

_  ““ 

u 

Yield 

kj  (liter/ 

«4 

.. 

Yield 

k£  (liter/ 

"4 

(min) 

(1c) 

Hole  •  sec) 

(min) 

C7e) 

mole*  sec) 

60 

22.8 

0.0165 

2 

14 

20.4 

0.0633 

2 

80 

.31.1 

0.01.S9 

2 

23 

28.9 

0.0586 

1 

120 

.38.9 

(*.0178 

2 

,39 

38,3 

0.0549 

2 

2.30 

.56.5 

0.0189 

2 

1  60 

51.7 

0.0616 

2 

.'ino 

66.4 

0.0189 

.3 

j  120 

67.0 

0.0585 

2 

A  2^,  =0.0183  ±  0.0008 

1  k,jy,  =  0.0595  ±  0.0028 

9100  cal/mole;  logA  =  4.91;  =  -38.0  cal/ deg« mole 


TABLE  3 

Kinetics  of  the  Reaction  of  4-Aminodlphenyl  Sulfide  with  Plcryl  Chloride 
(a  =  0.005  M;  b  =  0.01  M) 


50® 


U 

(min) 

Yield 

(1c) 

kj  (liter/ 
mole  -  sec) 

«•  l! 

*  jt  (min) 

Yield 

(1c) 

kj  (liter/ 
mole*  sec) 

12 

13.7 

0.021 1 

1 

7 

22.5 

0.0716 

21 

20.6 

0.0207 

3 

14 

AOJi 

0.0.830 

36 

29.5 

0.0195 

2 

20 

45.6 

0.0724 

.39.0 

0.«>2I.5 

2 

27 

.V1.5 

0.0737 

83 

,•^^1.9 

0.0209 

2 

.^*0 

70.8 

0.0839 

1.55 

65.7 

0.0207 

2 

=  0.0208  ±  0.(K)7 

k^^,o  —  0.0775  ±  0.0ai8 

/i^— loliK)  cal/mole;  log  yl=-=5.70;  34.5  cal/deg*mole 
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TABLE  4 

Kinetics  of  the  Reaction  of  4-Amlno-4*-nltrodlphenyl  Sulfide  with  Plcryl  Chloride 
(a  =  0.005  M;  b  =  0.01  M) 


Z,-  1 

50“ 

u 

Yield 

ki  (liter/ 

vield 

ki  (liter/ 

(min) 

m 

mule -sec) 

(min) 

m 

mole  •  sec) 

214 

8.63 

0.00O6.50 

2 

120 

17.7 

0.00.311 

2 

420 

1.3.3 

0.(HHMil3 

2 

193 

27.6 

0.(N).311 

2 

7'»3 

23.1) 

0.(HH)665 

2 

305 

.36.0 

0.00.318 

1 

13!M) 

36.7 

0.0(H)699 

2 

.5.50 

52.9 

0.(H).3.5.3 

2 

2I(N) 

48.0 

0.000736 

3 

810 

61.3 

0.()(V370 

2 

A 

2j,  =0.000678  ±  0.000046 

=  0.00341  ±  0.00020 

124fK)  cal/mole;  log =r».lK);  = —33.6  cal/ deg* mole 


TABLE  5  ' 

Kinetics  of  the  Reaction  of  4-Aminodiphenyl  Selenlde  with  Plcryl  Chloride 
(a  =  0.005  M;  b  =  0.01  M) 


2b“ 

50“ 

ti 

Yield 

kj  (liter/ 

ni 

ti 

Yield 

ki  (liter/ 

(min) 

mole  •  sec) 

(min) 

_ 

mole  •  sec) 

12 

l.S.O 

0.0.305 

2 

5 

22.1 

0.0979 

2 

22 

27.3 

0.0288 

2 

10 

36.0 

0.0965 

2 

.36 

.35.8 

0.0260 

2 

11 

.37.9 

0.0956 

1 

60 

49.8 

0.0277 

2 

20 

53.4 

0.0990 

2 

30 

61.7 

0.0926 

2 

=  0.028.3  ±  0.0016 

1  Aj^o  =0.0964  ±  0.0033 

/i^=  9300  cal/mole;  log  /I  5.26;  A5*  =  -36.5  cal/ deg  •  mole 


TABLE  6 

Kinetics  of  the  Reaction  of  4-Amino-4*-nitrodlphenyl  Selenlde  with  Plcryl  Chloride 
(a  =  0.005  M;  b  =  0.01  M) 


50“ 


U 

(min) 

Yield 

ki  (liter/ 
mole  •sec) 

•t 

(min) 

Yield 

ki(  liter/ 
mole  •  sec) 

210 

1.5.0 

0.00141 

1 

1 

60 

18.5 

o.ooorrf) 

213 

13.1 

0.(K)I19 

1 

105 

25.4 

0.(M).5.59 

472 

21..S 

(l.(H)117 

2 

180 

37.6 

().(H).578 

.595 

33.4 

ll.(NII41 

2 

.3.34 

57.1 

0.(H)687 

88) 

39.2 

0.(N)I23 

2 

618 

67.8 

0.)H).587 

1443 

51.9 

0.<H)121 

2 

=:  0.00127  ±  0.0000.S  I  *«!•  =  O.nOGOS  ±  0 IWKW? 


/•;^=  121(H)  cal/mole;  log  y|  =. 5.91;  cal/deg*mole 


"I 
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k  for  all  <  Hj  measurements.  The  mean  value  of  the  reaction  yield  for  n|  measurements  1$  given  In  the  second 
column.  Table  7  Is  a  summary. 

DISCUSSION  OF  RESULTS* 

A  comparison  of  tlie  rates  of  reaction  of  aniline,  4-amlnobiphcnyl,  and  amines  with  bridging  heteroatoms 
of  the  type  p-CjU5MCjll4NH  shows  that  the  para  substituents  Introduced  into  the  aniline  molecule  may  be  arranged 
in  the  following  series  with  respect  to  the  decrease  in  the  electron-donor  (and  increase  in  electron-acceptor) 
properties; 

C.IUNII  >  C^lIjO  >  H  >  Cells  >  CelUS  ~  CelUSo. 

The  memben  of  this  series  lying  to  the  left  of  H  are  donors  and  those  lying  to  the  right  are  acceptors  of  electrons. 

It  is  interesting  that  in  the  series  of  substituents  CeilgO,  CelisS  and  Cgi^Se,  where  the  heteroatoms  belong 
to  tlie  same  group  of  the  Periodic  Table,  the  electronic  effect  of  the  substituent  changes  sharply  from  the  first 
to  the  second  member  of  this  series,  while  the  S-  and  Se-contalning  substituents  behave  practically  the  same  In 
this  respect.  Similar  phenotiiena  are  also  observed  on  comparing  the  reactivity  of  some  other  compounds  contain¬ 
ing  analogous  groups.  For  example,  there  Is  a  very  similar  relation  between  values  of  the  Hammett  constants*  * 
o  of  the  groups  [16]  P-CH3O-,  P-CH3S-  and  p-CH3Se-  or  a  series  of  other  para  substituents  in  which  the  nature 
of  the  heteroatom  is  varied  within  the  same  group  of  the  Periodic  System  [16],  Tills  peculiarity  in  the  properties 
of  the  substituents  C5H5O-,  CgUsS-  and  CeHsSe-  is  most  probably  explained  by  the  presence  of  d-electron  orbitals 
In  sulfur  and  selenium  atoms  and  tlielr  participation  In  conjugation  with  the  -electron  system  of  the  aromatic 
nucleus,  while  oxygen  atoms  do  not  have  these  orbitals  (see  below  for  details). 

As  has  already  been  pointed  out  above,  the  degree  of  transmission  of  the  interaction  of  substituents  from 
one  benzene  nucleus  to  another  in  molecular  systems  of  the  type  (III)  and  (IV)  may  be  assessed  by  means  of  the 
ratio  of  the  ate  constants  for  the  reactions  of  mono-  and  cUsubsiituted  derivatives  ( /  factor).  Table  8  gives  the 
values  of  /  ,  which  show  that  in  all  the  molecular  systems  with  bridging  heteroatoms,  the  effect  of  the  nitro  group 
on  the  reactivity  of  the  amino  group  increases  with  a  change  from  diphenyl  oxide  to  diphenyl  sulfide  and  then 
decreases  slightly  in  the  case  of  the  molecular  system  of  diphenyl  selenide*  *  *  and  again  increases  strc«igly  in 
the  diphenylamine  system.  There  Is  every  reason  to  think  [15]  that  the  values  of  /  more  or  less  quantitatively 
reflect  the  transmission  of  tlie  electronic  Interaction  of  the  substituents  from  one  benzene  nucleus  through  the 
bridging  heteroatom.  It  should  be  emphasized  in  particular  that  the  introduction  of  a  heteroatom  between  the 

•  See  summary  In  Table  7, 

•  •  These  constants  are  a  measure  of  the  electronic  effect  of  a  substituent  on  the  reactivity  of  some  functional 
group  attached  to  an  aromatic  nucleus  [16-18], 

•  *  *  It  Is  interesting  to  note  that  according  to  sp>ectrophotometric  data  on  furans,  thiophenes,  and  selenophenes 
[19],  the  conjugation  of  the  unshared  pair  of  p-electrons  of  the  heteroatom  with  the  ir  -electrons  of  the  carbon 
atoms  Is  in  the  same  order  as  the  value  of  /  for  the  molecular  systems  we  studied.  We  should  also  pxjlnt  out 
that  the  melting  points  of  the  amino  derivatives  studied  increase  with  a  change  from  oxygen -containing  erxn- 
pounds  to  their  sulfur  analogs  and  again  fall  v/ith  selenium  derivatives,  as  is  indicated  by  data  in  the  table  below. 


Thus,  there  is  a  quite  definite  analogy  between  the  prop>erties  of  the  compounds  we  examined  with  bridg¬ 
ing  heteroatoms  and  the  prop>erties  of  heterocyclic  substarices  containing  the  same  heteroatom^ though  in  the 
first  case  the  heteratoms  do  not  form  part  of  a  cyclic  system  (cf,  [14]), 
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benzene  nuclei,  togctlicr  with  separating  these  nuclei  In  comparison  with  their  disposition  in  the  molecular  sys¬ 
tem  of  biphenyl,  leads  to  a  sucngihcniiig  rather  than  a  weakening  of  the  transmission  of  the  effect  of  the  nitro 
group  on  the  reactivity  of  the  amino  group;  In  all  cases,  the  factor  J  for  molecular  systems  with  bridging  hetero¬ 
atoms  is  greater  than  in  the  case  of  the  biplicnyl  system.  The  characteristic  of  these  systems  with  bridging  hetero- 
atoms  is  tlic  fact  that  all  these  heteroatoms  have  in  their  valence  shells  unshared  pairs  of  p-electrons  which  are 
capable  of  interacting  with  the  -electron  system  of  the  benzene  nuclei.  This  is  evidently  the  main  reason  for 
the  observed  peculiarity  in  the  properties  of  the  system  examined.  In  actual  fact.  If  the  two  benzene  nuclei  ate 
connected  by  a  carbon  bridging  atom,  then  here  the  normal  effect  is  observed  and  appears  as  a  weakening  of  the 
transmission  of  the  effect  of  the  nitro  group  on  the  amino  group  due  to  the  increase  In  the  distance  between  them: 
/  for  the  diphcnylmethane  system  Is  appreciably  less  than  in  the  case  of  biphenyl.  Thus,  it  may  be  considered 
that  the  ready  transmission  of  the  effect  of  4,4*-5ubstituents  in  molecular  systems  with  bridging  heteroatoms  is 
caused  by  p,»r  -conjugation  of  the  formt 


As  a  result  of  this  conjugation  an  effective  positive  charge  should  arise  on  tlte  heteroatom  and  this  is 

actually  confirmed  by  experiment.  All  the  substituents  ^  M—  with  a  heteroatom  M  have  elec¬ 

tron-acceptor  properties. 

Thus,  with  the  Introduction  of  hetcrobridges  between  tv/o  benzene  nuclei  we  encounter  a  new  effect,  namely 
an  increase  in  the  interaction  of  4,4*-substituents  with  an  increase  in  the  distance  between  them.  This  effect 
may  be  called  a  positive  bridge  effect.  In  contrast  to  the  positive  bridge  effect,  which  is  caused  by  the  pres¬ 
ence  of  a  bridging  lietcroatoin  with  p-electrons,  when  the  benzene  nuclei  are  connected  by  atoms  or  atomic 
grouoings  which  act  as  insulators  in  the  transmission  of  the  effect  of  substituents  from  one  nucleus  to  the  other 
ri4. 15.  20-22],  we  will  talk  of  a  negative  bridge  effect.  The  positive  bridge  effect  is  clearly  observed  in  kine¬ 
tic  studies  of  molecular  systems  of  a  similar  type,  but  is  usually  not  confirmed  by  data  from  physical  investiga¬ 
tion  methods  [1-3,5],  which  is  most  probably  caused  by  the  dominating  role  of  dynamic  factors  in  the  conjuga¬ 
tion  of  the  heteroatoms  with  the  benzene  nuclei  in  the  systems  examined  during  a  chemical  conversion  [23,  24], 

The  next  problem  Is  to  attempt  to  explain  why  the  values  of  /  for  the  molecular  systems  studied  change 
in  relation  to  the  nature  of  the  heteroatom  in  the  order  given  In  Table  8.  For  this  purpose  it  is  necessary  to 
compare  niolecular  systems  in  which  the  heteroatoms  are  neighbors  either  in  a  group  or  period  of  the  Periodic 
Table.  In  the  molecular  systems  of  diphenylamine  and  diphenyl  oxide,  the  N  and  O  atoms  are  neighbors  in  a 
period  in  the  table.  The  first  system  transmits  the  elecuonic  effects  of  tlie  substituents  better,  probably  due  to 
the  fact  that  the  lability  of  the  unshared  pair  of  p-electrons  at  the  nitrogen  atom  must  be  higher  than  at  the 
oxygen  atom  (see  [24],  pp.  15,  61,  63,  and  74)  when  the  compounds  of  these  elements  arc  exactly  analogous. 

The  considerable  Increase  in  the  capacity  to  transmit  the  electronic  Interaction  of  4,4* -substituents  In  molecu¬ 
lar  systems  with  bridging  atoms  of  the  same  group  (O,  S,  and  Se)  with  a  change  from  the  diphenyl  oxide  system 
to  the  diphenyl  sulfide  system  is  apparently  explained  by  the  fact  that  not  only  the  p-  but  also  the  d-electrons 
[25]  (see  [24],  p.  83)  of  the  sulfur  atom  may  participate  in  the  conjugation  with  the  p-elccuons  of  the  benzene 
nucleus,  i.e.,  there  is  a  tendency  for  the  expansion  of  the  valence  shell  of  sulfur  to  ten  electrons  [26],  As  a 
result  of  this,  particularly  favorable  conditions  are  created  for  the  transmission  of  the  electronic  effect  from  the 
nitro  group  to  the  amino  group  in  the  molecular  system  of  diphenyl  sulfide  according  to  the  following  mechanism: 


From  the  above  p>oint  of  view,  the  sulfur  atom  In  this  structure  is  able  to  fulfill  a  double  function:  On  the 
one  hand,  it  supplies  p-electrons  which  are  displaced  toward  the  ^  -electron  shell  of  the  benzene  nucleus  bearing 
the  nitro  group  and  on  the  other  hand,  the  same  sulfur  atom  may  accept  into  its  3d-orbital  J*  -electrons  of  the 
benzene  nucleus  attached  to  the  amino  group.  It  Is  quite  obvious  that  the  oxygen  atom  will  not  play  this  part 
in  the  molecular  system  of  diphenyl  oxide  as  it  has  no  d-orbital.  It  is  probable  that  for  the  same  reason,  the 
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TABLE  7 

Summarized  Data  on  the  Kinetics  of  the  Reaction  of  Amines  with  p-Nltrobcnzoyl  Chloride  and  Plcryl  Chloride* 
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The  dimensions  are  the  same  as  In  Tables  1-6. 
*PNBC*  p-nittobenzoyl  chloride;  PC.  plcr/l  chloride. 


TABLE  8 


Values  of  /  Facton  for  Various  Molecular  Systems 


Molecular  systems 


•or  reactions  withi  Fof  reactions  with 
b-nitrobenzoyl  I  picryl  chloride 
chloride 


^  \=r-  / 

121  (I.3J 

ir).8 

^_S— 

23.8  [2  3J 

30.7 

— 

24.6 

— 

4.3.3  [i-*l 

/'ll  — 

\=.  /  * 

4.34  l  -’^l 

5.96  [20] 

_ A'  \  ^ 

10.6  I'M 

1.3.6  (M) 

molecular  system  of  diphenyl  selenide  Is  a  belter  transmitter  of  the  interaction  of  the  4,4’ -substituents  than  the 
diphenyl  oxide  system.  The  difference  in  the  selenium-containing  system  and  the  diphenyl  sulfide  system  appar¬ 
ently  uiay  be  interpreted  in  terms  of  the  general  tendency  for  a  decrease  in  the  conjugation  of  heteroatoms  with 
an  aromatic  nucleus  with  the  substitution  of  one  such  heteroatom  for  its  lower  neighbor  In  the  Periodic  Table 
[26]  (see  [24],  pp.  63  and  64)  which  is  observed  under  otherwise  equal  conditions. 

As  regards  the  energy  parameters  of  the  reactions  investigated  in  the  present  work,  it  may  be  stated  that 
these  reactions  proceed  with  low  values  of  Ea  and  As^  ,and  in  general,  the  reactions  of  various  amines  are  charac¬ 
terized  by  appreciably  lower  changes  in  As^  than  E^.  Due  to  the  quite  complex  structure  of  the  substances 
participating  in  the  reactions  studied,  the  primary  experimental  data  on  the  rate  constants  rather  than  the  values 
of  E^.  A,  and  As^  should  be  more  reliable  criteria  for  assessing  the  effects  of  a  change  in  the  structiue  of  the 
amino  derivative  on  its  reactivity  [15]. 

The  results  of  this  work,  which  are  based  on  a  study  of  the  kinetics  of  reactions  of  aniino  derivatives  of 
types  (I)  and  (II)  with  picryl  chloride,  are  in  complete  agreement  with  data  obtained  by  studying  the  kinetics 
of  reactions  of  the  same  amines  with  p-niirobcnzoyl  chloride  (see  Tables  7  and  8  and  also  [1-3]).  However, 
the  efiect  of  successive  changes  in  structural  factors  in  the  molecules  of  the  amino  derivatives  is  expressed  more 
clearly  in  reactions  with  picryl  cldoride  than  in  similar  reactions  with  p-nitrobenzoyl  chloride.and  this  is  ex¬ 
plained  by  the  extremely  high  sensitivity  of  the  first  series  of  reactions  toward  the  action  of  these  factors  [4], 

As  we  had  a  limited  amount  of  selenium-containing  amines,  we  were  unable  to  make  a  detailed  study  of  their 
reactivity  toward  p-nitrobenzoyl  chloride.  However,  a  series  of  incomplete  preliminary  experiments  with  these 
substances  showed  that  the  conclusions  of  the  present  work  were  completely  confirmed  by  kinetic  data  for  the 
reactions  of  these  amines  with  p-nitrobenzoyl  chloride, 

SUMMARY 

1,  The  kinetics  of  the  reactions  of  4-aminodiphenyl  oxide,  sulfide,  and  selenide  and  their  4*-nitro  deriva¬ 
tives  with  picryl  chloride  in  benzene  were  studied. 

2.  In  the  molecular  systems  of  diphenyl  oxide,  sulfide,  and  selenide.  in  which  the  benzene  nuclei  are  con¬ 
nected  by  bridging  heteroatoms  of  O,  S,  and  Se,  the  4*-N02  group  affects  the  reactivity  of  the  4-NH2  group  more 
strongly  than  in  the  biphenyl  system,  where  the  beiuene  nuclei  are  connected  directly,  and  this  indicates  greater 
transmission  of  the  electronic  effects  of  substituents  from  one  benzene  nucleus  to  another  in  systems  with  bridging 
hetcroatoms  ("positive  bridge  effect"). 
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3-Methoxy-l-bis(8-chloroethyl)-amlnolndan  was  not  among  the  series  of  bIs(B-chloroethyl)-aminolndans 
described  by  one  of  us  in  a  previous  article.  As  a  starting  material  for  the  preparation  of  this  compound  we  re¬ 
quired  4-methoxyindan-l-one,  which  was  synthesized  [1]  by  isomerization  of  dlhydrocoumarin  by  heating  with 
AICI3  and  subsequent  methylation  of  the  4-hydroxyindan-l-one  formed.  The  same  ketone  could  be  obtained 
by  cyclization  of  o-methoxyphenylpropionic  acid.  A  number  of  investigators  [2]  unsuccessfully  attempted  to 
cyclize  this  acid  in  the  presence  of  various  reagents  (HF,  P2O5,  etc.)  by  using  both  the  free  acid  and  its  acid 
chloride  in  the  reaction.  Interesting  reasons  were  given  for  the  difficulty  In  the  cyclization  of  this  acid  [2]. 

We  attempted  to  cyclize  o-methoxyphenylpropicnic  acid  with  polyphosphoric  acid,  which,  according  to 
our  work,  gives  better  results  than  other  cyclizing  agents. 

In  addition,  we  repeated  experiments  on  the  cyclization  of  the  acid  chloride  by  the  Frledel— Crafts  method 
in  various  solvents.  No  4-meihoxyindan-l-one  was  obtained  In  any  of  our  experiments,  but  in  all  cases  we  ob¬ 
served  the  formation  of  an  amorphous  substance  with  m.  p.  250-290*.  Other  authors  [2]  have  mentioned  the  for¬ 
mation  cf  a  similar  substance,  but  there  have  been  no  detailed  investigations  of  this  product.  It  was  to  be  as¬ 
sumed  that  in  our  experiments,  the  main  direction  of  the  reaction  was  the  formation  of  precisely  this  substance; 
the  elucidation  of  its  structure  should  help  to  determine  the  reasons  for  the  difficulties  in  the  cyclization  of 
o-methoxyphenylpropionic  acid  to  the  ketone.  A  great  hindrance  to  attempts  to  investigate  this  substance  in 
more  detail  was  its  insolubility  in  many  organic  solvents,  alkalis,  and  acids;  it  was  found  to  be  soluble  in  phenol, 
from  which  it  could  be  recrystallized,  and  also  in  sulfuric  acid.with  the  formation  of  a  dark  red  solution.  By 
treatment  of  the  substance  with  hot  chloroform,  we  were  able  to  isolate  a  sample  which  melted  over  a  narrow 
range  (280-288*).  The  elementary  composition  of  this  sample  corresponded  to  that  of  methoxyindanone,  but  the 
molecular  weight,  which  was  found  cryoscopically  in  phenol,  was  4  times  that  of  methoxyindanone.  We  were 
unable  to  detect  a  carbonyl  group  in  the  substance  with  the  normal  reagents  because  of  its  insolubility  in  organic 
solvents.  Only  the  reaction  of  the  substance  with  2.4-dinitrophenylhydrazine  in  sulfuric  acid  yielded  a  dark  red 
substance,  which  melted  at  350*  and  was  difficult  to  investigate. 

The  infrared  absorption  spectra  of  samples  of  the  substance  obtained  by  the  cyclization  of  o-methoxyphenyl¬ 
propionic  acid  (which  were  in  the  unpurified  state,  had  been  treated  with  chloroform,  and  rectystallized  from 
phenol) were  found  to  be  identical  and  indicated  the  presence  of  a  carbonyl  group.  The  results  of  our  experi¬ 
ments  indicate  that  this  substance  is  a  tetramer  containing  methoxyl  and  carbonyl  groups. 

We  prepared  the  4-methoxyindan-l-one  required  for  our  work  according  to  literature  data  [1].  4-Mcthoxy- 
indan-l-one  oxime  was  reduced  to  the  corresponding  amine.  The  bis-8-chloroethyl  deiivative  of  4-methoxy- 
1-aminoindan  was  obtained  by  tire  usual  method  through  4-methoxy-l-bis(0-hydroxyethyl)*aminoindan. 
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In  addition,  for  comparison  with  the  substance  obtained  from  2,4>dinitrophcnylhydrazlne  and  the  amor** 
phous.  high-melting  substance  mentioned  above,  we  prepared  the  2,4-dinItrophenylhydrazone  of  4-methoxy- 
Indan-l-one,  which  has  not  been  described  in  the  literature.  The  properties  of  these  hydrazones  were  completely 
different. 


EXPERIMENTAL 

Attempted  cycllzatlon  of  o-methoxyphenylproplonic  acid  in  the  presence  of  poly  phosphoric  acid.  To 
freshly  prepared  polyphosphorlc  acid  (24  g  of  phosphorus  pentoxide  and  16  g  of  SS'^tu  phosphoric  acid)  stirred 
at  70*  was  gradually  added  4  g  of  o-njcthoxyphenylpropionic  acid.*  The  reaction  mixture  was  stirred 
at  70*  for  30  min  and  then  cooled  and  neutralized  with  lO-lS^Io  sodium  carbonate  solution.  The  precipitate 
liberated  was  collected,  washed  with  water,  and  dried;  It  had  m.  p.  245-280*.  We  obtained  3.5  g  of  product. 

The  substance  was  boiled  repeatedly  with  chloroform,  the  chloroform  solutions  were  combined,  the  chloroform 
was  removed,  and  the  residue  recrystallized  from  a  mixture  of  chloroform  and  benzene.  We  obtained  a  color¬ 
less  substance  with  m,  p.  280-288*,  which  was  practically  Insoluble  in  tlie  normal  organic  solvents,  alkalis, 
and  acids,  sparingly  soluble  in  chloroform,  and  soluble  in  phenol  and  sulfuric  acid;  it  dissolved  in  the  latter  to 
form  a  red  solution. 

Found  <70;  C  74.2;  H  6.24;  OCHj  18.48.  M  652,  638,  610  (cryoscopically  in  phenol).  CjoHioO,.  Cal¬ 
culated  <7:;  C  74.05;  H  6.27;  OCHj  19.13.  M  648. 

The  spectrum*  *  showed  an  absorption  band  characteristic  of  the  CO  group  In  aliphatic-aromatic  ketones 
(1680-1700  cm"^. 

The  reaction  of  2,4-dinitrophenylhydrazine  and  the  substance  with  m.  p.  262-272*  in  sulfuric  acid  yielded 
a  red,  crystalline  substance,  which  did  not  melt  at  350*,  was  insoluble  in  alcohol  and  ether,  but  soluble  in  chloro¬ 
form.  It  contained  7,01*7:  of  nitrogen. 

2,4-Dinitrophenylhydrazone  of  4-methoxyindan-l-one.  A  solution  of  0.5  g  of  4-methoxyindaP.-l-one 
(m.  p.  102-103*)  [3)  in  20  ml  of  alcohol  was  added  to  0,4  g  of  dinitrophenylhydrazine  in  2  ml  of  cone,  H2SO4, 

3  ml  H2O,  and  10  ml  of  C2H5OH.  An  orange  precipitate  formed.  It  had  m.  p.  265-267*  (from  CHCls),  The 
product  was  a  red  crystalline  substance. 

Found  <7c:  C  55.65;  H  3.98;  N  15.82.  C16H14O5N4.  Calculated  <7::  C  55.S2;  H  4.40;  N  16.32. 


Infrared  absorption  spectrum  of  cyclization  product  of 
o-methoxypropionic  acid,  recrystallized  from  phenol 
and  melting  at  262-272*. 


4-Methoxyindan-l-one  oxime.  A  solution  of  1.72  g  of  hydroxylamine  hydrochloride  in  5  ml  of  water  and 
6  ml  of  a  15*7:  solution  of  sodium  carbonate  were  added  simultaneously  to  2  g  of  4-methoxyindan-l-one  in 
10  ml  of  alcohol.  The  mixture  was  heated  at  60*  for  4  hr.  The  substance  which  separated  was  collected  and 
washed  with  water  to  yield  1,7  g  of  4-methoxyindanone  oxime  with  m.  p.  184.5-185*  (from  alcohol). 

Found  *7:;  C  68.03;  H  6.33;  N  6.88.  CnHuOjN.  Calculated  *7:;  C  67.80;  H  6.26;  N  7.91. 


•  We  prepared  o-methoxyphenylpropionic  acid  by  catalytic  hydrogenation  of  o-methoxyphenylacrylic  acid  in 
the  presence  of  Raney  nickel.  According  to  literature  data,  the  reduction  has  been  carried  out  with  sodium 
amalgam  [3]  or  catalytically  in  the  presence  of  Adams  catalyst  [2]. 

*  *  The  infrared  spectrum  was  plotted  in  the  physicochemical  laboratory  of  the  institute  under  the  direction  of 
Yu.  N.  Shelnker. 


3657 


4-Methoxy-l-amlnoIndan.  To  45  g  of  amalgamated  aluminum  turnings  In  300  ml  of  absolute  ether  was 
added  15.25  g  of  4-methoxyindan-l-one  oxime  suspended  In  2.5  llten  of  absolute  ether.  The  reaction  mixture 
was  stirred  at  the  boiling  point  for  30  min.and  then  100  ml  of  water  was  added  gradually  over  a  period  of  8  hr 
and  the  mixture  left  overnight.  The  ether  solution  of  the  amine  obtained  was  filtered  and  dried  with  potassium 
carbonate,  the  ether  removed,  and  the  residue  vacuum  distilled  with  the  amine  protected  from  atmospheric 
carbon  dioxide.  It  had  b.  p.  100-112*  at  2.5  mm  and  m,  p.  40-42*  (in  a  sealed  capillary). 

4-Mcthoxy-l-amlnolndan  hydrochloride.  The  colorless  crystalline  substance  had  m,  p.  222-224*. 

Found  'U  C  60.1;  H  6.95;  N  7.31;  Cl  17.79.  C10H13ON  •  HCl .  Calculated  C  60.45;  H  6.60;  N  7.05; 

Cl  17.85, 

4-Methoxy-l-bis(B-hydroxyethyl)-aminoindan  hydrochloride.  A  mixture  of  9.31  g  of  4-methoxy-l- 
aminoindan  and  6  ml  of  ethylene  oxide  was  heated  in  a  sealed  tube  at  135-140*  for  6  hr.  We  obtained  12  g  of 
an  oily  substance,  which  was  soluble  in  benzene  and  chloroform  and  more  difficultly  soluble  in  ether.  It  was 
dissolved  In  absolute  ether  and  an  ether  solution  of  hydrogen  chloride  added.  This  precipitated  4-methcxy- 
bis(0-hydroxyethyl)-aminoindan  hydrochloride  with  m.  p.  130-134*  (from  ■'Icohol  and  benzene). 

Found  ‘Ici  N4.96.  Ci4H2i03N  *  HCU  Calculated  ‘5fe;  4.89, 

4 -M ethoxy-1 -bis(  B -chloroethyl)-amlPoindan  hydrochloride.  To  a  solution  of  3,3  g  of  4-methoxy-l- 
bis(fllhydroxycthyl)-aminoindan  in  30  ml  of  anhydrous  benzene  at  8-12*  was  added  6  ml  of  thionyl  chloride. 
The  mixture  obtained  was  stirred  at  room  temperature  for  4  hr.  The  solvent  and  excess  thionyl  chloride  were 
removed  by  distillation.  The  residue  was  recrystallized  from  a  mixtiue  of  benzene  and  alcohol,  when  it  had 
m.  p.  169-170*, 

Found 'yo:  C  51.66;  H  6.19;  N  4.51;  Cl  33.01.  C14H15ONCI2  *  HCl.  Calculated*^:  C  51.78;  H  6.20; 

N  4.32;  Cl  32.76. 

SUM  MARY 

4-Methoxy-bis(B-chloroethyl)-aminoIndan  was  synthesized, and  new  data  were  obtained  on  the  substance 
formed  by  cyclization  of  o-methoxyphenylpropionic  acid. 
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In  connection  with  our  work  on  aliphatic-aromatic  bis(0-chloroethyl)- amines  Ar— CH2N(CH2CHjCl)2  [1], 
we  began  an  investigation  of  substances  of  this  type  In  the  azobenzene  series.  These  compounds  may  be  obtained 
by  azo  coupling  of  amines  containing  the  group  — CH2N(CH2CH20H)2  (H)  with  various  azo  components; 

0.NCCH4C1I2CI  02NC6n4Cii2N(cii2Cii2on)2 

(I) 

Il2N(:on4CH2N(CM2Cn20!l)2  — >  |N2Coll4Cll2N(Cll2CH201l)2l®— * 

(IJ) 

— >  AiN^NCcll4Cll2N(CH.Cn20l!)2  — >  ArN=NCoH4CH2N(Cll2CH2Cl)2 
(111)  ”  (IV) 

We  chose  dimeihylanlline  as  the  azo  component.  When  our  work  was  already  complete,  there  appeared 
a  communication  [2]  on  the  synthesis  of  the  compound  we  prepared,  namely  4-dimethylamIno-4*-bis(0-chloro- 
ethyl)-aminomethylazobenzene.  However,  our  synthesis  scheme  differs  somewhat  from  that  presented  in  the 
literature  [2],  The  main  difference  between  the  proposed  schemes  is  the  fact  that  the  authors  of  [2]  replaced 
the  hydroxyl  in  the  hydroxyethyl  groups  by  chlorine  in  compound  (I),  while  in  our  scheme  this  replacement  was 
carried  out  with  compound  (III);  as  a  result  of  this,  the  diazo  components  in  the  schemes  were  different. 

In  our  scheme  difficulties  were  encountered  in  the  reduction  of  the  nitro  group  in  p-nitrobenzyl-bis(  B- 
hydroxyethyl)-amine  (I).  In  experiments  on  the  catalytic  hydrogenation  of  the  nitro  group  of  this  amine  in  the 
presence  of  palladium  or  Raney  nickel.  4  and  not  3  moles  of  hydrogen  were  absorbed.and  at  the  same  time  as 
reduction  of  the  nitro  group,  there  v/as  destruction  of  the  molecule  with  the  formation  of  p-toluidine. 

We  attempted  to  stop  the  reaction  after  the  absorption  of  3  moles  of  hydrogen  in  the  hydrogenation  in  the 
presence  of  Raney  nickel, but  even  in  this  case  only  p-toluidine  was  isolated.  The  ease  of  cleavage  of  the 
p-aminobenzyl-bis(0-hydroxyethyl)-amine  molecule  was  confirmed  by  hydrogenation  of  this  compound,  which 
was  prepared  by  a  different  method;  in  this  case  there  was  rapid  absorption  of  1  mole  of  hydrogen.and  p-toluidine 
was  isolated  in  a  quantitative  yield  as  a  result  of  the  reaction.  We  were  able  to  reduce  the  nitro  group  in  the 
nitroamine  (I)  selectively  only  by  means  of  stannous  chloride. 

It  is  interesting  to  note  that  the  same  complications  were  encountered  by  the  authors  of  [2]  in  the  reduc¬ 
tion  of  p-nitrobenzyl-bis(6-chloroethyl)-amine,  but  they  overcame  these  difficulties  by  using  palladium  of  low 
activity  as  the  catalyst. 
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We  encountered  no  difficulties  in  the  reoiaining  stages  of  our  scheme  (diazotlzatlon,  azo  coupling,  and 
replacement  of  the  hydroxyl  groups  by  clilorlne  atoms). 

The  Infrared  absorption  spectra*  of  compound  (III)  and  (I\0  were  plotted  (see  figuie),and  tlie  refractive 
indices  of  the  base  (IV)  in  benzene  solutions  of  various  concentrations  were  determined. 


Infrared  absorption  spectra.  1)  4-Dimethylamino'4*-bis(  6-chloro- 
ethyl)-aminomethylazobenzene;  2)  4-dimcthylamIno-4*-bIs(fl- 
hydroxyethyD-aminomethylazobenzene, 

EXPERIMENTAL 

p-Nitrobenzyl-bis(fl -hydroxycthyl)-amine  (I).  A  solution  of  10  g  of  p-nitrobenzyl  chloride  in  40  ml  of 
anhydrous  benzene  was  added  v/lih  stirring  to  a  solution  of  12.2  g  of  diethanolamine  in  25  ml  of  anhydrous  ben¬ 
zene  and  the  mixture  stirred  at  the  boiling  point  for  5  hr  and  left  at  room  temperature  for  12  hr.  The  benzene 
layer  was  separated  from  the  reddish  brown  oil, and  by  rubbing  the  solution  with  a  glass  rod  we  isolated  crystals 
of  p-nitrobenzyl-bis(6 -hydroxyethyl)-amine  (3.4  g)  with  m.  p.  70-73*.  We  obtained  a  furtlier  4.5  g  of  nitro- 
amine  with  m.  p.  70-73*  by  mixing  the  remaining  reddish  brown  oil  with  water.  After  recrystallization  from 
benzene  with  activated  cliarcoal,  the  substance  had  m.  p.  '75.5-77*  and  the  yield  was  7-7.8  g  (50-56‘5t).  The 
colorless  crystals  were  readily  soluble  in  chloroform,  acetone,  and  alcohol,  moderately  soluble  in  benzene  and 
ether,  and  difficultly  soluble  in  ligroin  and  water. 

Found  C  54.79;  H  6.64;  N  11.51.  C.,Hi604N2.  Calculated  *51;  C  54.98;  H  6.71;  N  11.67. 

p-Nltrobenzyl-bis(B-hydroxyethyl)-amine  hydrochloride  was  obtained  by  tlie  action  of  an  ether  solution 
of  hydrogen  chloride  on  the  amine  and  had  m.  p.  127-128*. 

Found  <7c:  C  47.00;  H  6.55;  N  9.98;  Cl  12.98,  12.92.  CiiHi504N2  •  HCl.  Calculated  <5fc :  C  47.73;  H  6.19; 

N  10.13;  Cl  12.82. 

p-Nltrobenzyl-bis(B-chloroethyi)-amir.e  hydrochloride.  To  a  solution  of  6.4  g  of  p-aitrobenzyl-bls(fl- 
hydroxyethyl)-amine  in  35  ml  of  anhydrous  chloroform  was  gradually  added  30  ml  of  thionyl  chloride  and  the 
mixture  obtained  heated  under  reflux  at  70*  for  4  hr.  The  excess  thionyl  chloride  and  chloroform  were  removed 
in  vacuum.  The  crystalline  residue  with  m.  p.  138-143*  was  recrystallized  from  acetone  with  activated  char¬ 
coal  to  give  p-nitrobenzyl-bis(B-chloroethyl)-amine  hydrochloride  with  m.  p.  147-148*.  The  colorless  crystals 

*The  spectra  were  plotted  in  tlic  physicochemical  laboratory  of  the  All-Union  Chemicopharmaceutical  Scientific 
Research  Institute  under  the  direction  of  Yu.  N.  Sheinker. 
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were  readily  lolubir  Jn  methanol  and  ctt:ano]  and  difficultly  soluble  In  water,  ether,  ethyl  acetate,  chloroform, 
and  bcn/.cnc.  Tlte  yield  was  chne  to  quantitative. 

round  U  C  dl.7Il;  II  4.G8;  N  8.93;  Cl"  11.38,  11.27.  ChHmOjNjCI,  *  MCI.  Calculated  C  42.15; 

If  4.82;  N  ft.Ort;  Cl'  11.30. 

Mydro^»et;atlon  of  p-nltfolK:nxyl-hlsffl-hydroxyetlryl)-afnine.  a)  Over  palladlurr.  chloride.  A  mixture  of 
O.d  g  of  p-nltroben/yl-l>i*<(8-hydro/ycthyl)-amlne  hydrochloride,  100  ml  of  rectified  alcoliol,  and  a  solution  of 
palladium  chloride  In  hydr«x;hloric  acid  (obtained  by  heating  1,52  g  of  PdCl2  In  7.05  ml  of  12"^  hydrochloric 
acid)  was  shaken  In  a  hydrogen  atmosphere  at  a  pressure  of  70-80  cm  of  water.  Over  a  period  of  5.5  hr,  2760ml 
of  hydrogen  v/as  absorbed.and  this  corresponds  to  approximately  4  moles  (2658  ml  at  20*  and  751  mm).  The 
slight  excess  of  the  hydrogen  volume  actually  al/sorbed  over  that  calculated  Is  explained  by  tl*  absorption  of 
hydrogen  during  ifjc  formation  of  palladium  black.  Tlie  catalyst  was  separated  from  the  alcohol  solution  by  fil¬ 
tration,  the  filtrate  evaporated  to  dryness,  excess  concentrated  sodium  hydroxide  vjlutlon  added  to  tlie  residue, 
and  the  mixture  steam  distilled.  In  the  distillate  we  ofjtalned  the  theoretical  amount  of  p-toluldlne  with  m.  p. 
43-44.5*,  v/hlch  was  Identified  as  tlic  acetyl  derivative  with  rn.  p.  146.5-147*. 

b)  Over  Itaney  nickel.  A  mixture  of  5  g  of  p-nItroben/.yI-bIs(  fl -hydroxyethyl)-amInc,  If  0  ml  of  meth¬ 
anol,  and  5  g  of  Ib'iiiey  nickel  was  shaken  with  hydrogen  at  a  pressure  of  70-80  ern  of  water  at  room  tempera¬ 
ture.  V/hen  the  hydrogenation  rate  fell,  catalyst  was  added  (after  lf»e  absorption  of  925  ml  Iii  one  experiment), 
and  after  the  absorption  of  1500  ml  of  hydrogen,  a  further  5  g  of  catalyst  was  added.  After  hydrogenation  for 
13  hr,  1890  ml  of  hydrogen  had  been  absorbed. and  this  corresponds  approximately  to  4  moles  (2070  ml  at  751  mm). 
The  methanol  solution  was  filtered  free  from  catalyst  and  evaporated  to  dryness  In  vacuum,  concentrated  sodium 
hyrlroxlde  solution  added,  and  the  mixture  steam  distilled.  The  p-toluldine  distilling  (m.  p.  45*)  vras  Identified 
as  the  acetyl  derivative  (m,  p.  146.5-147*), 

If  liydiogeiiatloii  v/as  carried  out  until  3  moles  of  hydrogen  (1553  ml)  had  Ixien  absorbed  and  the  reaction 
Mf/ppC'l,  the  reaction  mixture  v/as  also  found  to  contain  p-toluldinc. 


p-A ti.ln<d<cny.y!-b}*/ ft  -hydroxyethyl)-amlrie  (If).  Stannous  chloride  (14.35  g)  was  dissolved  In  22  ml  of 
conccr/traied  hydr^ychloric  acid  (d  1.19)  at  120*  (In  a  bath).  'I'lie  solution  was  then  cooled  to  room  tempera¬ 
ture  and  15  inl  <>f  alcohol  added  v/ltlr  coolin;^  To  trie  solution  v/as  added  5.53  g  of  p-nltrol)enzyl-bIi(f)-hydroxy- 
ethyM-aii;ine  hydr'/;hlorlde  and  the  mixture  heaUsd  at  110-120*  (In  thrs  bath)  frx  2  hr.  The  reactiort  mixture 
v/as  evaporated  In  vacuum,  the  residue  treated  v/iih  90  ml  of  a  50'^,  aqueous  solution  of  potassium  carbonate, 
and  the  brov/rilsh  yellov/  oil  liberated  extracted  rc[<eat/:dly  v/Ith  chloroform.  The  chhiroforirt  extract  was  dried 
v/ith  potassium  carbonate  and  evaporated  in  vacuum  at  40*.  'flie  yield  v/as  3.57  g  (84.9'^.).  The  yellowish 
brov/ri  oil  v/as  readily  soluble  In  chloroform,  acetone,  and  alcohol,  and  had  n*^l)  1.5718,  The  substance  obtained 
was  suitable  for  subsequent  conversions  without  additional  purification. 

l  ound  C  62.16;  II  8.63;  N  13.30.  CiiUjjOjNj.  Calculated  C  62.82;  H  8.63;  N  13.33. 


p-Amlnoben/.yl-bi'/fl -hydroxyctJiyl)-amirie  (3,2  g  )  was  distilled  rapidly  at  a  pressure  of  0.03-0.05  mm. 
V/e  obirtlned  2,66  g  of  a  substance  v/Hh  b.  p.  169-171*  (0.036  mrn),174*  (0.051  mm),  n***Ii  1.5743-1.5759, 
partial  polymerization  of  the  substance  was  observed  during  distillation.  Tire  fraction  v/Ith  r?®D  1.5758  was 
chemically  pure  matr:rial. 


f  ound  •%:  C  62.97;  If  8.49,  N  13.06. 


6ialculatcd  '%■: 


C  62.82;  M  8.63;  N  13.33. 


'I'hc  dlplcrate  v/as  obtained  by  the  action  of  an  alcohol  solution  of  picric  acid  on  the  base  and  had  n).  p. 
73-74.5*. 


Pound  'f;  c  41.51;  If  3.84;  N  16.99.  CjiHi/ljNi  *  2C,H,CiN,.  Calculated 

16.75. 


C  41.33;  M  3.62;  N 


Catalytic  hydrogenation  of  p-amlnoUsny.yl-bis(  fl -hydroxyethyl)-aMilne.  A  mixture  of  3.15  g  of  p-amlno- 
Usn/.yl-bis(hydroxyethyl)-amlne,  50  ml  of  alcohol,  and  a  solution  ol  palladium  chloride  In  hydrochloric  acid 
(0.74  g  of  PcClj  In  3,9  ml  of  hydrr/chlorlc  acid)  was  shaken  in  a  hydrrr^y-.n  atmc/splrerc  at  a  pressure  of 
70-80  cm  of  water.  After  105  min,  1  merle  of  hy'lrogen  had  Ireen  absorired  (475  ml  at  2f)*).  TIks  catalyst  was 
vrparated  from  the  aqueous  alcohol  srjlutlr^n  by  filtration,  the  filtrate  evaporated  to  dryness,  excess  concentrated 
v/dium  hydroxide  solution  added  to  the  residue,  and  tlie  mixture  steam  distilled.  p-Toluidlne  (1.7  g)  was  dis¬ 
tilled. 
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4-Dlmeihylamlno“4*-bls(B-hydroxycthyl)-amlnomettiylazobenzenc  (III)..  A  solution  of  0.62  g  of  sodium 
nitrite  In  15  ml  of  water  was  added  to  a  solution  of  1.84  g  of  p-aminobenzyl-bis(B-hydroxyethyl)-amine  in 
7.7  ml  of  14.6'553  hydrochloric  acid  at  0*  with  vigorous  stirring.  The  solution  obtained  was  stirred  for  30  min 
and  added  at  —5*  with  stirring  to  a  solution  of  1.07  g  of  dimethyl  aniline  In  10  ml  of  methanol.  The  reaction 
mixture  was  stirred  for  30  min  and  then  made  alkaline  with  5.4  ml  of  a  20<^  aqueous  solution  of  ammonia. 

The  oil  liberated  rapidly  changed  to  scaly  crystals,  which  were  soluble  In  ether  and  mineral  acids.  The  reac¬ 
tion  product  was  extracted  withether,  the  extract  dried  with  potassium  carbonate,  and  the  ether  removed  In 
vacuum.  The  yield  was  2.5  g  and  the  m.  p.  92-93*.  In  the  Infrared  absorption  spectrum  (see  figure)  the  charac¬ 
teristic  bands  of  the  substance  lay  at  3360,  903,  867,  883  and  769  cm"'. 

Found  C  66.70;  H  7.55;  N  16.14.  Ci5H2e02N4.  Calculated  ofa  C  66.64;  H  7.65;  N  16.37. 

4-Dlmethylamino-4*-bls(  B-chlorQethyl)-amlnomethylazobenzene  (IV).  To  a  mixture  of  3.42  g  of  sub¬ 
stance  (III)  and  103  ml  of  chloroform  was  added  14.2  ml  of  thlonyl  chloride  In  several  portions  and  the  mixture 
heated  at  80*  for  3  hr.  The  chloroform  and  excess  thlonyl  chloride  were  then  removed  in  vacuum  at  50*.  ab¬ 
solute  ether  added  to  the  residue,  and  the  precipitate  collected  and  dried  In  a  vacuum  desiccator  over 
and  NaOH.  The  extremely  hygroscopic,  vitreous,  friable,  red-violet  mass  obtained  (5.18  g)  was  dissolved  In 
dilute  hydrochJoric  acid.  The  solution  was  treated  with  a  50<^  aqueous  solution  of  potassium  carbonate,  the 
liberated  oil  extracted  repeatedly  with  ether,  and  the  extract  dried  with  potassium  carbonate  and  evaporated 
in  vacuum.  The  residue  (3,25  g)  was  dissolved  In  325  ml  of  anhydrous  benzene  and  the  solution  passed  through 
a  column  of  chromatographic  grade  alumina  (TU  MKhP  2962-51)  9  cm  long  and  20  mm  In  diameter  at  a 
rate  of  1-2  drops  per  second.  After  the  benzene  solution  had  been  passed,  the  adsorbent  was  washed  six  times 
with  25-ml  portions  of  anhydrous  benzene,  with  the  eluate  collected  separately.  Evaporation  of  the  main  solu¬ 
tion  and  the  wash  benzene  separately  yielded  1.65  g  (43.5'7c)  and  0,2  g  (0.5*51:),  respectively,  of  4-dimethyl- 
jir.ino-4*-bls(B-cliloroethyl)-aminomethylazobenzene  as  an  oil  which  crystallized  slowly.  The  infrared  ab¬ 
sorption  spectrum  of  the  substance  (see  figure)  had  characteristic  bands  at  1012  and  740  cm”'.  4-DImethyl- 
amlno-4-*-bIs(6 -ch]oroethyl)-aminomethylazobenzene  was  also  characterized  by  the  definite  dependence  of 
the  refractive  index  n**hD  of  its  benzene  solutions  on  concentration. 


Concentration 

of  substance 

n*®D 

(weight  <%) 

11.18 

1.5256 

11.62 

1.5274 

20.96 

1.5448 

22.24 

1.5520 

24,80 

1.5559 

31.93 

1.5687 

55.75 

1.6258 

Found  *51::  C  60.39;  H  6.08;  Cl  18.70.  CjjHj^N^Cl,.  Calculated  C  60.15;  H  6.38;  Cl  18.70. 

Dihydrochloride.  A  solution  of  1.55  g  of  the  base  (IV)  in  absolute  ether  was  made  acid  to  Congo  with  an 
etb<er  solution  of  hydrogen  chloride.  We  obtained  1.5  g  of  an  extremely  hygroscopic  red  substance  with  m.  p. 
115-117*  (decomp.,  sealed  capillary). 

Found  C  49.82;  H  6.07.  Ci9Hj4N4Cl»2HCl.  Calculated  *5t;  C  50.40;  H  5.77. 

SUMMARY 

4-Dimethylamlno-4*-bls(  B-chloroethyl)-amlnomethylazobenzene  was  prepared  from  p-nitrobenzyl 
chloride.  The  properties  of  the  intermediate  products  In  the  synthesis  and  the  final  azo  compound  are  given. 
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In  the  present  work  we  describe  some  7-suDstituted  derivatives  of  benzocyclohcptane.  The  starting  ma¬ 
terial  was  benzocycloheptan-7-one,  which  was  obtained  previously  by  heating  6-cyanobenzocycloheptan-7-one 
with  sulfuric  acid.  In  its  turn,  this  was  synthesized  by  cyclization  of  o-di-(cyanoethyl)-benzene  by  Ziegler’s 
method  [1], 

We  reproduced  this  scheme  without  complications  except  in  the  cyclization  stage;  as  a  result  of  the  cy¬ 
clization  of  o-di-(cyanocthyl)-bcnzene  we  isolated  not  6-cyanobenzocycloheptan-7-one  (II),  but  the  Inter¬ 
mediate  coenpound,  G-cyanobenzycyloheptan-7-imine*  (I).  6-Cyanobenzocyclol)eptan-7-one  was  obtained  by 
heating  the  imine  with  hydrochloric  acid.  6-Cyanobenzocycloheptan-7-cne  was  converted  into  benzocyclo- 
heptan-7-one  (III)  as  described  in  the  literature  [1). 


^CN  ^CN 

“  '  -119  ' 


A  A 


A  A/ 


\A\ 


til) 


\A\_y 

(III) 


XA' 

1 

(»V) 


-NfCIiiClIXl). 


We  were  unable  to  find  conditions  for  hydrolyzing  the  cyano  group  in  compound  (II)  so  as  to  Isolate  the 
corresponding  B-ketocarboxyllc  acid  or  its  estec. 

From  benzocycloheptan-7-one  we  prepared  the  oxime,  which  was  reduced  to  the  amine  with  lithium 
aluminum  hydride;  by  the  usual  methods,  the  amine  was  converted  to  some  of  its  derivatives,  in  particular 
7-bis(fl-chloroethyl)-aminobenzocycloheptane  (IV),  which  interested  us  in  connection  with  our  other  work. 


EXPERIMENTAL 

6-Cyanobenzocycloheptan-7-one  (11).  A  5.51-g  sample  of  6-cyanobenzocycloheptan-7-imine  (m,  p, 
139-140*)  was  boiled  with  110  ml  of  a  aqueous  solution  of  hydrochloric  acid  for  2  hr.  The  precipitate 
was  collected  and  dried.  It  had  m.  p.  133-135*  (from  methanol).  The  yield  was  4.88  g  The  product 

was  Insoluble  In  water  and  soluble  in  ether,  alcohol,  benzene,  chloroform,  and  dichloroethane. 

*  The  cyclization  and  properties  of  the  imine  were  reported  in  detail  In  separate  article  by  A.  K.  Chlzhov  en¬ 
titled  "Preparation  of  6-cyanobenzocycloheptan-7-imlne*  [2], 
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Found  N  7.36,  7.59.  CcHuON.  Calculated  N  7.56. 

Denzocycloheptan'-7-one  (III).  A  mixture  of  9  g  of  6-cyanobenzocycloheptan-7-one  and  100  ml  of  76.5<^t 
sulfuric  acid  was  heated  for  30  min  on  a  boiling  water  bath.  A  reddish  brown  solution  was  formed  as  the  cyano 
ketone  dissolved.  The  ketone  was  steam  distilled  and  collected  from  the  cooled  solution  by  filtration.  The 
yield  was  70.8‘5fc  and  the  m.  p.  38.5*.  According  to  literature  data  [1]:  yield  and  m.  p.  42-43*. 

Benzocycloheptan-7-one  oxime.  To  a  solution  of  5.35  g  of  benzocycloh2ptan-7-one  in  30.2  ml  of  alco¬ 
hol  was  added  a  saturated  solution  of  sodium  carbonate. and  then  a  solution  of  4.63  g  of  hydroxylamine  hydro¬ 
chloride  in  9  ml  of  water  was  Introduced  dropwise  over  a  period  of  40  min  with  stirring.  Tlie  reaction  mixture 
obtained  was  stirred  at  room  temperature  for  5.5  hr  and  left  overnight.  The  reaction  product  was  collected, 
washed  with  water  on  the  filter,  and  dried  in  a  vacuum  desiccator.  The  yield  was  5.43  g  (92.8®fc)  and  the  m,  p. 
123-125*.  The  product  was  insoluble  in  water  and  readily  soluble  in  alcohol,  acetone,  ethyl  acetate,  and  ben¬ 
zene. 

Found  ‘7c;  C  75.42;  H  7.36;  N  7.63.  CyH^ON.  Calculated  <7:;  C  75.50;  H  7.48;  N  7.90. 

7-Aminobenzocycloheptane.  A  solution  of  5.43  g  of  benzocycloheptan-7-orie  oxime  in  112  ml  of  ab¬ 
solute  ctlier  was  added  dropwise  with  stirring  over  a  period  of  55  min  to  a  suspension  of  5.27  g  of  lithium  alu¬ 
minum  hydride  in  118  ml  of  absolute  ether.  The  mixture  obtained  was  boiled  for  10.5  hr,  10  ml  of  water  added 
dropwise  over  a  period  of  45  min  with  stirring,  and  then  the  mixture  heated  and  stirred  for  a  further  2  hr.  The 
cooled  reaction  mixture  was  diluted  with  20  ml  of  ether  and  filtered.  The  precipitate  was  washed  with  ether 
and  chloroform.  The  ether-chloroform  solution  was  dried  with  sodium  sulfate,  the  solvent  removed,  and  the 
residue  vacuum  oistilled.  The  yield  was  3.9  g  (78.2*^^)  and  the  b.  p.  146*  (20  mm).  The  product  was  readQy 
soluble  in  alcohol,  cliloroform,  and  benzene,  less  soluble  in  ethyl  acetate,  and  Insoluble  in  water.  It  rapidly 
absorbed  carbon  dioxide  in  air. 

Found  <7c:  C  81.69;  II  9.62;  N  8.49.  CjiHijN.  Calculated  <^c:  C  81.93;  H  9.38;  N  8.68. 

7- A minobcnzQcycloheptane  hydrochloride.  An  ether  solution  of  7-aminobenzocycloheptane  was  acidified 
with  an  ether  solution  of  hydrogen  chloride.  The  precipitate  was  recrystallized  from  anhydrous  alcohol.  It  had 
m.  p.  272-275*. 

Found  <7c:  C  66.40;  H  8.57;  N  7.89;  Cl  17.74.  CuHisN.flCl.  Calculated  C  66.86;  H  8.11;  N  7.09; 

Cl  17.94. 

7-Acetaminobenzocycloheptane.  A  0.36-g  sample  of  7-aminobenzocyclolieptane  was  mixed  with  2.23  ml 
of  anhydrous  alcohol  and  0.105  ml  of  acetic  anhydride.  The  reaction  mixture  was  stirred  for  1.5  hr  and  poured 
into  11  ml  of  water.  The  precipitate  was  collected,  dried,  and  rccrystallizcd  from  anhydrous  ethyl  acetate.  The 
yield  was  0.25  g  (55.3*7:)  and  the  m.  p.  205-207*. 

Found  <5^;  C  76.42,  76.85;  H  8.15,  8.39;  N  6.82,  C13H17ON.  Calculated  C  76.80;  H  8.44;  N  6.89. 

7-Bis(fl-hydroxyethyl)-aminobenzocycloheptane.  A  mixture  of  1.33  g  of  benzocycloheptylamlne  and 
0.73  g  of  ethylene  oxide  was  heated  for  9  hr  in  a  sealed  tube  at  130-140*.  The  oily  substance  obtained  was 
vacuum  distilled  and  had  b.  p.  198-200*  (0.2  mm),  n*®D  1.5535,  The  yield  was  1.5  g  (73*7)), 

Found  <7:;  C  72.10,  72.29;  H  9.28,  9.37;  N  5.51,  5.39.  CisHjjOjN.  Calculated  “T!;  C  72.30;  H  9.24; 

N  5.62. 

7-Bis(8-chloroethyi)-aminobenzocycloheptane  (IV).  A  mixture  of  2,76  g  of  the  hydroxy  amine,  26.35  g 
of  ihionyl  cliloride,  and  17  ml  of  anhydrous  chloroform  was  boiled  for  3  hr.  The  excess  thionyl  chloride  and 
chloroform  were  removed  in  vacuum.  To  the  residue  was  added  25  ml  of  50'7:  aqueous  potassium  carbonate 
and  the  mixture  extracted  with  ether.  The  ether  solution  was  dried  with  potassium  carbonate,  the  ether  removed, 
and  the  residue  vacuum  distilled.  The  yield  was  1.97  g  (62.2‘7!)  and  the  substance  had  b.  p,  164-165*  (0,1  mm). 
n*®D  1.5521. 

Found  <7::  C  62.59,  62,57;  H  7.54  ,  7.40;  N  4.63,  4.60.  CisHijNCl,.  Calculated  <%:  C  62.95;  H  7.39; 

N  4.89. 

7-Bis(B-chlorocthyl)-amlnobenzocycloheptane  hydrochloride.  An  ether  solution  of  the  amine  (IV)  was 
acidified  with  an  ether  solution  of  hydrogen  chloride.  The  precipitate  was  collected,  washed  with  ether,  and 
dried  in  a  vacuum  desiccator  over  phosphorus  pentoxide.  The  m.  p.  was  175-176*. 


3664 


Found  C  56.05;  H  6.91;  N  4.59;  Cl  32.47,  32.57.  CnHuNCl,*  HCl.  Calculated C  55.80;  H  6.87; 
N  4.34;  Cl  33.00. 

SUMMARY 

Derivatives  of  benzocycloheptane  with  substituents  In  position? of thebl-cycle  which  have  not  been  des¬ 
cribed  ?n  the  literature  were  prepared. 
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Among  contemporary  industrial  processes  for  the  aromatization  of  petroleum  raw  material  a  definite  posi¬ 
tion  is  occupied  by  processes  carried  out  on  a  molybdenum  catalyst  (M0O3/AI2O3)  under  a  pressure  of  hydrogen 
[1].  Molybdenum  catalysts  have  a  high  activity  in  the  dehydrogenation  of  naphthenes  [2-5],  Moreover,  It  has 
been  established  [6,  7]  that  under  certain  conditions  under  a  pressure  of  hydrogen,  6-membered  naphthenes  are 
isomerized  to  5-membcred  naphthenes  on  the  same  catalysts. 

In  the  present  work  It  was  shown  that  when  cyclohexane  is  passed  over  an  aluminum -molybdenum  catalyst 
(M0O3/AI2O3)  under  a  hydrogen  pressure  of  10  to  *10  atm  and  at  temperatures  of  445  to  495*,  there  are  two  par¬ 
allel  and  reversible  reactions,  namely,  dehydrogenation  of  the  cyclol)exane  to  benzene  and  isomerization  of 
the  cyclohexane  to  methylcyclopentane. 

We  undertook  to  study  the  effect  cf  process  conditions  on  the  composition  of  the  reaction  products  and  to 
determine  the  factors  by  means  of  which  the  relative  rates  of  dehydrogenation  and  isomerization  of  cyclohexane 
could  be  controlled. 

It  should  be  noted  that  the  reaction  was  studied  under  conditions  close  to  those  adopted  in  industrial  aro¬ 
matization  processes  on  the  molybdenum  catalyst. 

To  analyze  the  results,  it  was  necessary  to  calculate  the  equilibrium  ratios  of  the  reacting  substances 
accumulating  as  a  result  of  the  two  reactions. 

The  free  energies  for  these  reactions  could  be  calculated  from  the  following  approximate  equations 

I.  Colli:  ill  Qllc  f  =  53700  —  OCi.fiT.  (1) 

II.  CoTIjj  C-lIgClIa;  A/®  =  3600  —  lOT.  (2) 

Equation  (1)  was  taken  from  the  work  of  Francis  1 8], snd  over  the  temperature  range  Interesting  us  it  agrees 
well  with  the  experimental  data  of  Frost  and  Zharkova  [9,  10]. 

Equation  (2)  [11]  also  agrees  well  with  experimental  data  [12]. 

On  the  basis  of  the  equations  presented  the  temperature  dependences  of  die  logarithms  of  the  equilibrium 
constants  K  j  and  Kjj  for  reactions  I  and  n.  respectively,  may  be  expressed  in  the  following  way: 


(3) 

3600 

IpA',,  —  —  4  r,73j.  +2.19. 

(4) 

•  Presented  at  the  All-Union  Conference  on  Organic  Catalysis  on  November  18, 1959,  in  Moscow. 
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p  2  •  Pi 

where  Kj  =  - ^ - ;  K  jj  =  Pi*  Pi*  Pj*  P4  the  partial  pressures  of  cyclohexane,  benzene,  methyl- 

cyclopentane,  and  hydrogen,  respectively. 

The  equilibrium  constants  K[  and  Kjj  for  the  temperatures  at  which  the  experiments  were  carried  out  are 
given  below: 


Temjjerature . 455®  460  475  495 

A', .  8.7  .  10*  12.6.10*  25.7.10*  63.1  .  10* 

A',1  .  12.88  13.06  13.74  14.64 

On  the  basis  of  these  values  of  Kj  and  Kh,  we  calculated  the  percenuge  content  of  benzene,  methyl- 
cyclopenune,  and  cyclohexane  in  the  equilibrium  mixture  in  relation  to  the  experimental  conditions  used.  The 
results  of  the  calculations  are  given  in  Tables  1  and  2.  The  data  in  the  latter  make  it  possible  to  compare  the 
equilibrium  composition  of  the  reaction  products  with  that  found  experimentally. 

The  essential  conclusion  from  the  comparison  of  these  data  is  that  we  studied  the  dehydrogenation  of  cyclo¬ 
hexane  under  conditions  where  the  benzene  concentration  in  the  mixture  of  the  reagents  was  far  from  the  equili¬ 
brium  value. 

Working  Procedure  and  Starting  Materials 

The  experiments  were  carried  out  on  a  flow  apparatus  designed  for  operation  at  an  elevated  pressure;  the 
apparatus  and  working  procedure  were  described  previously  [7], 

For  the  expc-.rimcnts  we  used  a  molybdenum  catalyst  which  contained  10<5i  of  M0O3  and  of  AI2O3, 

The  cai.ilyst  charge  in  the  reactor  was  50  ml. 

Cyclohexane  with  b.  p.  80.S*  (750  mm),  c?®|  0,7784,  ii^^D  1.4262  [13]  was  prepared  by  hydrogenation  of 
benzene  over  a  nickel  catalyst. 

Tlic  reaction  products  v/cre  a  complex  mixture  of  hydrocarbons,  consisting  of  cyclohexane,  benzene, 
methylcyclopcntane,  and  small  arnourits  of  paraffins  and  unsaturated  hydrocarbons. 

The  uns.ituiated  hydrocarbon  content  of  the  catalyzates  was  determined  from  tlie  bromine  number  by 
Francis’s methodf  14],  The  amount  of  benzene  was  determined  by  a  dispersion  method  [15]  with  a  Pulfrlch  re- 
fractometer. 

For  determination  of  tlic  cycloiiexane  content,  after  removal  of  the  unsaturated  and  aromatic  hydrocarbons 
by  treatment  with  08‘^c  sulfuric  acid,  the  catalyzates  were  dehydrogenated  by  Zelinskii’s  method  over  palladized 
charcoal  (30'^  Pd)  at  320*  in  the  absence  of  hydrogen  supplied  from  outside  [16],  The  product  was  passed  over 
the  catalyst  several  times  until  a  constant  refractive  index  was  reached.  The  benzene  content  was  determined 
by  tlie  dispersion  method  [15]  and  the  cyclohexane  content  of  the  catalyzate  calculated. 

The  benzene  was  removed  from  the  dehydrogenation  product  by  treatment  with  concentrated  sulfuric  acid. 
The  aniline  point  of  tlic  remaining  hydrocarbon  was  determined  and  used  to  calculate  tlie  methylcyclopentanc 
and  hexane  content  of  the  product  [17], 

In  most  cases,  the  degree  of  Isomerization  of  cyclohexane  to  methyl  cyclopentane  was  characterized  by 
tlie  total  content  of  methylcyclopentanc  and  hexanes  in  the  catalyzate. 

The  latter  was  possible  as  tlie  content  of  hexanes  normally  did  not  exceed  a  few  percent.  In  addition, 
according  to  literature  data,  methylcyclopentane  is  the  intermediate  product  in  the  formation  of  hexanes  during 
the  destructive  hydrogenation  of  cyclohexane  on  a  molybdenum  catalyst  [18], 

Effect  of  Temperature  and  Cyclohexane  Input  Rate  on  the  Reaction  Product  Com¬ 
position 

To  study  this  problem  we  carried  out  experiments  with  various  cyclohexane  inputs  at  temperatures  of  455, 
475,  and  495*.  The  experiments  were  carried  out  at  a  pressure  of  20.4  atm  and  approximately  the  same  molar 
ratio  of  hydrogen  and  cyclohexane  (M|^:M^),  whichwas  close  to  10  (Fig,  1,  Table  1), 
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TABLE  1 


Effect  of  Temperature  and  Cyclohexane  Input  Rate  on  the  Reaction  Product  Composition; 
Working  pressure  20.4  atm,  molybdenum  catalyst  (sample  A) 


d 

Z 

c 

0) 

B 

1 

X 

to 

Experimental 

conditions 

Contents  of  equili¬ 
brium  rnUcture* 
twekhOBj 

Catalyzate  composition 
(weieht*!!)) 

cyclohexane  in- 

jut  per  hr 

molar 
ratio  of 
hydrogen 
to  cyclo¬ 
hexane 

benzene 

methylcyclo¬ 

pentane 

cyclohexane 

benzene 

methylcyclo¬ 

pentane 

cyclohexane 

hexane 

•3 

«) 

W 

C« 

2 

ml 

ratio  of 
cyclo¬ 
hexane 
and  cata¬ 
lyst  vol¬ 
umes. 
Uicr/iltcr 

*=== 

At  455* 

;»;> 

S() 

1.0 

10.2 

40.S 

49.3 

3.9  ! 

8.9 

12.9** 

77.6 

— 

0.6 

MS 

4(1 

0.S 

M..^ 

14.1 

^3.8 

60.1 

1.4 

0.6 

1(X> 

2H 

O.i 

M.4 

40.8 

49.3 

3.9 

21.7 

25.8 

49.5 

2.6 

0.4 

At  475* 

IHl 

ir,o 

.3.2 

10.4 

70.K 

27.1 

2.1 

10.0 

12.6 

74.5 

2.2 

0.7 

Mr, 

Ml 

1.0 

10.2 

70.8 

27.1 

2.1 

10.4 

— 

— 

— 

0.7 

Mi 

40 

O.S 

M.3 

70.8 

27.1 

2.1 

31.8 

— 

_ 

— 

0.7 

97 

20 

0.4 

y.2 

70.8 

27.1 

2.1 

35.7 

— 

— 

— 

0.4 

At  495* 

MM 

1  H'lO 

X2 

10.2 

84.0 

14.4 

1.0 

17.8 

23.3 

1  55.3 

2.7 

0.9 

M2 

!  Ml 

1.0 

M.S 

84.0 

14.4 

1.0 

31..', 

.31.4 

.32.8 

.3.1 

1.2 

MM 

1  40 

(IS 

S.S 

84.0 

14.4 

1.0 

44.8 

34.6 

13.9 

6.0 

0.7 

Ml 

20 

0.4 

s.o 

8i.O 

14.4 

1.0 

.5.'>.2 

29.8 

6.6 

7.9 

0.5 

•  The  calculation  was  carried  out  for  a  pressure  of  20,4  atm  and  a  molar  ratio  of  hy¬ 
drogen:  cyclohexane  =  10,2. 

•  •  Total  content  of  merhylcyclopentane  and  hexanes. 


At  a  moderate  degree  of  cyclohexane  converslon,not  exceeding  50-60<^,  the  meihylcyclopentane  con¬ 
tent  of  the  catalyzates  exceeded  the  benzene  content,  which  indicated  that  under  the  conditions  used  the  cyclo¬ 
hexane  isomerization  rate  was  greater  than  the  dehydrogenation  rate. 

Further  analysis  of  the  data  obtained  showed  that  as  the  degree  of  cyclohexane  conversion  increased  there 
was  a  clear  tendency  for  the  methylcyclopentane;  benzene  ratio  to  decrease.  This  was  observed  particularly 
clearly  at  a  reaction  temperature  of  495*. 

This  change  in  the  composition  of  the  reaction  products  was  caused  by  the  fact  that  as  the  cyclohexane 
input  decreased,  and  consequently  the  degree  of  its  conversion  increased,  there  was  a  continuous  increase  in  the 
benzene  content  of  the  catalyzate,  which,  however,  did  not  reach  the  equilibrium  concentration.  As  regards 
metliylcyclopentane,  at  495*  the  curve  of  its  content  in  the  catalyzate  showed  a  maximum  which  was  preceded 
by  sharp  retardation  of  the  formation  of  this  hydrocarbon  (Fig.  1). 

This  result  may  be  explained  if  it  is  assumed  that  under  the  conditions  used  (495*  and  a  hydrogen  pressure 
of  19  atm)  the  equilibrium  of  cyclohexane  isomerization  is  displaced  toward  methylcyclopentane  and  that  of 
cyclohexane  dehydrogenation  is  displaced  toward  benzene.  Under  these  conditions,  the  relative  concentrations 
of  methylcyclopentane  and  benzene  in  the  reaction  products  must  be  determined  primarily  by  the  ratio  of  the 
cyclohexane  dehydrogenation  and  isomerization  rates.  Due  to  the  high  rate  of  isomerization,  an  increase  in  die 
degree  of  cyclohexane  conversion  first  led  to  the  predominant  accumulation  of  methylcyclopentane  in  the  cata¬ 
lyzate,  and  the  maximum  content  of  this  reached  34.6<)b. 

On  the  other  hand,  the  equilibrium  state  for  the  methylcyclopentane— cyclohexane— benzene— hydrogen 
system  under  the  given  conditions  is  such  that  the  benzene  concentration  cf  the  equilibrium  mixture  of 
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Fig,  1,  Effect  cf  cyclohexane  input  space  ve¬ 
locity  (in  liters  of  cyclohexane  passed  through 
a  liter  of  catalyst  per  hr)  on  the  concentration 
of  the  reaction  products  at  a  pressure  of  20.4 
atrn  and  a  molar  ratio  of  hydrogen:  cyclo¬ 
hexane  =  10.2;  1  and  1*)  benzene;  2  and  2*) 
methylcyclopentaiie  +  hexanes. 


Fig.  2.  Ratio  of  cyclohexane, 
methylcyclopentane,  and  ben¬ 
zene  in  an  equilibrium  mixture 
in  relation  to  the  partial  hydro¬ 
gen  pressure  at  495*  and  a  molar 
ratio  of  hydrogen:  cyclohexane  = 
=  10,2.  is  the  partial  hydro¬ 
gen  pressure  (atm). 


hydrocarbons  is  approximately  85*70.  Therefore,  with  a 
further  increase  in  the  cyclohexane  conversion  the 
methylcyclopentane  content  of  the  catalyzate  inevit¬ 
ably  fell, and  this  produced  the  maximum  on  the  curve 
for  this  hydrocarbon  illustrated  in  Fig.  1. 

Effect  of  Partial  Hydrogen  Pressure 

One  of  the  parameters  of  the  process  which  might 
be  used  for  controlling  the  ratio  of  tlie  cyclohexane  iso¬ 
merization  and  dehydrogenation  rates  and  thus  changing 
the  ratio  of  methylcyclopentane  and  benzene  in  the  reac¬ 
tion  products  is  the  hydrogen  pressure. 

This  conclusion  can  be  drawn  from  an  examina¬ 
tion  of  the  ratios  of  cyclohexane,  methylcyclopentane, 
and  benzene  which  accumulate  under  equilibrium  con¬ 
ditions  at  495*  in  relation  to  the  hydrogen  pressure.  Thus, 
with  an  increase  in  the  partial  hydrogen  pressure  (Fig,  2, 
Table  2)  the  amount  of  benzene  In  the  equilibrium  mix¬ 
ture  of  hydrocarbons  falls  sharply;  the  opposite  is  ob¬ 
served  for  methylcyclopentane.and  the  amount  of  it  In¬ 
creases  considerably. 

We  found  similar  relations  on  studying  the  conversions  of  cyclohexane  on  a  molybdenum  catalyst  under 
conditions  at  which  the  benzene  concentration  in  the  reacting  mixture  of  hydrocarbons  was  quite  far  from  the 
equilibrium  value  (Table  2). 

The  effect  of  the  hydrogen  pressure  was  studied  at  two  temperatures,  460  and  495*.  In  each  series  of  ex¬ 
periments  the  partial  pressure  of  the  hydrocarbon  was  kept  approximately  constant  and  was -'2  atm. 

The  partial  hydrogen  pressure  was  varied  over  the  range  7.8  to  36.8  atm. 

An  examination  of  the  exp>erimental  results  (Fig,  3  and  Table  2)  leads  to  the  conclusion  that  the  benzene 
content  of  the  catalyzates  decreased  considerably  with  an  increase  in  the  partial  hydrogen  pressure.  This  was 
observed  at  reaction  temperatures  of  both  495*  and  460*. 
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Fig.  3,  Effect  of  partial  hydro¬ 
gen  pressure  on  reaction  prod¬ 
uct  composition.  PHj=  par¬ 
tial  hydrogen  pressure  (atm): 

1  and  2)  benzene;  3)  methyl¬ 
cyclopentane  +  hexanes. 
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TABLE  2 

4 

Effect  of  Partial  Hydrogen  Pressure  on  Reaction  Product  Composition.  Molybdenum 
catalyst  (sample  B) 


Experimental 

conditions 


Contents  of  equili¬ 
brium  mixture 
(weight  _ 


0) 

c 

V 

N 

CJ 
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o 

js  2 

3  S 
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o 

o 
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Catalyzate  composition  (weight 
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• 

0 

«) 
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c 

<0 

X 

«> 

x: 

0 

2 

0 

c 

cO 

M  c 

u 

X 

c  ^ 

ft) 

c  0. 

u 

-C 

"S  "S 
3  § 

S  2. 

5  o 

3  O 


At  460* 


107 

27.7 

1.0 

20 

M.4 

27.0 

67.0 

5.1 

5.0 

_ 

_ 

10.') 

l.Vi 

2.0 

20 

O..3 

r)0.o 

40.4 

3.6 

11.3 

— 

— 

_ 

lOfi 

7..S 

1.0 

20 

4.1 

02.5 

At 

7.0 

495* 

0.5 

27.0 

101 

;i()..S 

1.9 

SO 

10.0 

0.3.0 

53.4 

3.0 

7.9 

24.0 

0.5.1 

1.1 

102 

27.1) 

2.0 

SO 

14.0 

R4.0 

:i.3.7 

2.3 

S.7 

22.1  • 

OS.O 

— 

KKl 

1.S.4 

2.0 

SO 

S.O 

S4..3 

14.2 

1.0 

12.0 

1S.3 

6.5.1 

1.9 

lOi 

J<.9 

2.2 

SO 

4.1 

OG.S 

2.2 

1.0 

19.2 

16.5 

01.1 

0.9 

•  Total  content  of  methylcyclopentane  and  hexanes. 


Thus,  the  dehydrogenation  of  cyclohexane  on  a  molybdenum  catalyst  is  retarded  by  hydrogen. 

An  increase  in  the  hydrogen  pressure  had  a  completely  different  effect  on  the  rate  of  the  other,  parallel 
reaction,  namely  the  Isomerization  of  cyclohexane  to  methylcyclopentane.  In  this  case  an  increase  in  the 
hydrogen  pressure  led  to  an  increase  in  the  amount  of  methylcyclopentane  in  the  catalyzate  (Fig.  3). 

Thus,  by  changing  the  hydrogen  pressure  it  is  possible  to  regulate  the  relative  rates  of  cyclohexane  de¬ 
hydrogenation  and  isomerization  and  thus  change  the  ratio  of  methylcyclopentane  and  benzene  In  the  reaction 
products. 

This  relation  may  be  explained  If  it  is  assumed  that  dehydrogenation  and  Isomerization  of  cyclohexane 
occur  on  different  active  centers  of  the  molybdenum  catalyst.  By  retarding  dehydrogenation,  an  increase  in 
the  hydrogen  pressure  leads  to  an  increase  In  the  cyclohexane  concentration  in  the  mixture  of  reacting  substances. 
Due  to  this  there  is  an  increase  in  the  rate  of  isomerization,  which  occurs  on  other  active  centers. 

We  would  like  to  thank  A.  A.  Vvedenskii  for  advice  on  the  thermodynamic  calculations. 

SUMMARY 

1.  The  conversions  of  cyclohexane  on  a  molybdenum  catalyst  (M0P3/AI2O3)  at  455-495*,  a  hydrogen 
pressure  of  10-39  atm,  and  various  ratios  of  hydrogen  and  hydrocarbon  were  studied. 

2.  It  was  shown  that  under  these  conditions  two  parallel  and  reversible  reactions  occur  on  the  catalyst, 
namely,  dehydrogenation  of  cyclohexane  to  benzene  and  isomerization  of  cyclohexane  to  methylcyclopentane. 

3.  The  rates  of  cyclohexane  isomerization  and  dehydrogenation  are  commensurate  at  455-495*  and  a 
hydrogen  pressure  of  about  20  atm. 

4.  The  quantitative  ratio  of  benzene  and  methylcyclopentane  in  the  catalyzate  changes  as  the  degree 
of  cyclohexane  conversion  increases. 

5.  The  rate  of  benzene  formation  decreases  and  the  rate  of  methylcyclopentane  formation  increases  as 
the  hydrogen  pressure  increases. 
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The  synthesis  of  2-(2*-amlnophcnylazoxy)-4-mcthylphenol*  (III)  by  hydrazinolysis  of  2-(2*-phthIaloylamino- 
phcnylazoxy)-4-methylphcnol  was  reported  previously  [1],  In  view  of  the  results  of  catalytic  reduction  of  2- 
nltroplicnylazoxybcnzene  to  2-aminophenylazoxybcnzene  [3,  4],  we  decided  to  apply  this  method  to  the  azoxy 
compounds  which  could  be  obtained  by  oxidation  of  2-nitro-2*-hydroxy-5*-methylazobenzene  (I). 

In  the  oxidation  of  2-niiro-2*-hydroxy-5*-meihyiazobenzenc  (I)  with  peracetic  acid,  v/e  isolated  only  one 
azoxy  compound  (II),  which  was  reduced  with  hydrogen  in  the  presence  of  platinum  oxide  to  give  the  corres¬ 
ponding  amine,  which  was  found  to  be  identical  with  2-(2*-aminophenylazoxy)-4-methylphenol  (III), 
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For  a  more  accurate  determination  of  the  structure,  substance  (III)  was  converted  into  2-(2*-brumophenyl- 
azoxy)-4-methylphenol  (IV)  by  the  Sandmeyer  reaction.and  (IV)  was  found  to  be  identical  with  the  oxidation 
product  of  2-bromo-2’-hydroxy-5*-methylazobenzene  (V),  Neither  of  the  products  were  brominated  with  the 
stoichiometric  amount  of  bromine  under  mild  conditions, and  this  further  confirms  the  accuracy  of  the  structures 
proposed,  in  which  the  oxygen  of  the  azoxy  group  is  attached  to  the  nitrogen  in  the  position  ortho  to  the  hydroxyl, 

•  Nomenclature  according  to  new  work  [2];  this  compound  was  previously  [1]  called  the  fl -isomer  of  2-amlno- 
2*-hydroxy-5*-methylazoxybenzcnc, 
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EXPERIMENTAL 


2-NHro-2*-hydrQxy-5*"methylazobcnzene  (I)  was  synthesized  by  azo  coupling  of  diazotlzcd  o-nitroaniline 
with  p-crcsol  In  a  sodium  carbonate-alcohol  medium.  The  product  was  purified  by  reprccipitatlon  from  chloro¬ 
form  with  ligroin.  It  had  m,  p,  108-110*;  literature  data  [6];  m.  p,  107-108* 

Found  C  60.61;  60.86;  H  4.42,  4.47.  CijHuOaNj.  Calculated  C  60.70;  H  4.20. 

2-(2*-Nitrophcnylazoxy)-4-methylphciiol  (II).  To  a  solution  of  3.2  g  of  2-nItro-2*-hydroxy-5* -methyl- 
azobenzene  in  150  ml  of  glacial  acetic  acid  was  added  40  ml  of  hydrogen  peroxide  and  the  mixture  heated 
at  65-75*  for  18  hr.  The  color  of  the  solution  gradually  changed  from  dark  red  to  orange.  After  filtration,  the 
solution  was  pouted  onto  400  g  of  Ice.  The  product  liberated  was  washed  on  the  filter  with  distilled  water  until 
It  was  no  longer  acid  to  Congo,  dried  on  the  filter,  dissolved  in  100  ml  of  methanol,  precipitated  with  30  ml  of 
water,  and  dried  in  a  vacuum  desiccator  over  calcium  cWorlde  and  phosphorus  pentoxide.  The  yield  was  1.0  g 
(30‘7c).  The  yellow  powder  had  m.  p.  102-103*.  It  was  readily  soluble  in  methanol,  ethanol,  chlorofomi,  ben¬ 
zene,  ether,  and  other  organic  solvents.  It  was  difficultly  soluble  in  water. 

Found  <7c:  C  57.01,  57,24;  H  4.43,  4.36.  CjafluO^Nj.  Calculated  <5fc;  C  57.10;  H  4.0P. 

2-(2*-Aminophenylazoxy)-4-mcthyl phenol  (III).  A  suspension  of  0.2  g  of  platinum  oxide  in  20  ml  of  ether 
was  reduced  in  a  stream  of  hydrogen,  a  solution  of  0.4  g  of  2-(2*-nItrophenylazoxy)-4-metliylphenol  in  100  ml 
of  ether  added,  and  shaking  with  hydrogen  at  room  temperature  continued  until  tlie  absorption  of  hydrogen  ceased 
(  ~  1.5-2  hr).  The  solution  was  filtered  to  remove  the  catalyst  and  saturated  with  dry  hydrogen  chloride.  The 
precipitate  was  washed  with  ether,  dissolved  in  water,  and  neutralized  with  sodium  bicarbonate.  The  amine  (III) 
liberated  was  recrystallized  from  dilute  alcohol  (1:  2)  (30  ml)  and  dried  in  a  vacuum  desiccator  over  calcium 
chloride  and  phosphorus  pentoxide.  The  yield  was  0.04  g  (11 ‘7c)  and  the  m.  p.  125.5*.  The  melting  point  of 
the  amine  obtained  by  hydrazinolysis  was  126*  [1],  The  melting  point  of  a  mixture  was  125.5*. 

Found  ‘7(:  C  63.95.  64.0;  H  5.G2,  5.69;  N  17.36,  17.50.  CialliaOjNa.  Calculated  <70:  C  64.19;  II  5.35; 

N  17.2S. 

2-(2*-nromophcny]3zoxy)-4-iiiethylpl:cnol  (IV).  a)  From  2-(2'-aminophenylazoxy)-4-methylphenol  (in). 

A  solution  of  sodium  nitrite  (0.25  g  in  10  ml  of  water)  was  added  to  a  mixture  of  0.8  g  of  2-(2*-aminophenyl- 
azoxy)-4-methylphenol  and  62.5  ml  of  45'7c  hydrobromic  acid  stirred  at  0-2*.  For  the  preparation  of  cuprous 
bromide,  a  mixture  of  1.1  g  of  copper  sulfate,  0.32  g  of  copper  turnings,  2.4  g  of  sodium  bromide,  0.32  ml  of 
concentrated  sulfuric  acid,  and  16  ml  of  water  was  heated  under  reflux  for  4  hr.and  then  ^ 0.5  g  of  sodium  sulfite 
was  added.  The  solution  of  the  diazonium  salt  was  added  slowly  with  stirring  to  the  solution  of  cuprous  bromide 
at  20-25*.  The  reaction  mixture  was  stirred  for  2-3  hr  and  the  precipitate  collected,  washed  with  water  (-'50  ml), 
and  recrystallizcd  successively  twice  from  aqueous  (1: 1)  acetone  (90  ml  and  20  ml)  and  twice  from  dilute  (1: 1) 
alcohol  (28  and  16  ml).  The  yield  v/as  0,03  g  (3‘7c)  and  the  m,  p.  95,5-96*.  The  melting  point  of  a  mixture  with 
2-(2’-bromophenylazoxy)-4-methy]phenol  obtained  by  oxidation  of  the  corresponding  azo  compound  was  95.5-96*. 

Found  *7::  C  51.02,  51.20;  H  3.91,  3.98;  N  9.02,  8.98.  CialluOjNjBr.  Calculated  C  50.81;  H  3.58; 

N  9.12. 

b)  From  2-bromo-2*-hydroxy-5*-methylazobenzene  (V),  2-Bromo-2*-hydroxy-5*-mcthylazobenzene  [6] 
was  purified  by  successive  rccrystnllizations  from  acetic  acid  and  methanol.  The  m.  p.  was  114*.  Literature 
data  [4]:  m,  p,  116*.  The  acetyl  derivative  had  m,  p.  85-86*.  Literature  data  [4];  m,  p,  85*. 

To  a  solution  of  1,4  g  of  tlie  azo  compound  (V)  in  glacial  acetic  acid  (ICO  ml)  was  added  16,7  ml  of  30<7i 
hydrogen  peroxide  and  the  mixture  heated  at  70-80*  for  18  hr.  The  product  was  isolated  analogously  to  2-(2*- 
nitrophenylazoxy)-4-mcthylphenol  (II),  The  product  was  dried  on  the  filter  and  recrystallized  from  40  ml  of  a 
mixture  of  acetone  and  water  (3: 1),  We  obtained  0,2  g  (Ib'Ti)  of  the  substance  with  m.  p,  96*.  It  formed  yellow 
scales.  It  was  readily  soluble  in  ethanol,  methanol,  chloroform,  benzene,  acetone,  and  other  organic  solvents 
and  difficultly  soluble  in  water.  Bromination  of  substance  (IV)  yielded  only  tlie  starting  material  (mixed  melt¬ 
ing  point  96*), 


SUMMARY 

2-(2 -Nitroplicnylazoxy)-4-methylphenol,  2-(2*-aminophenylazoxy)-4-methyl phenol,  and  2-(2*-bromo- 
phenylazoxy)-4-mcthylplienol  were  synthesized. 
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The  preparation  of  a -amino  acids  (as  benzoyl  derivatives)  from  the  corresp>ondlng  amino  derivatives  of 
furans  and  also  ethyl  ethers  of  a  -hydroxy  acids  from  the  corresponding  furylcarbinols  was  described  in  previous 
work  [1],  In  the  present  communication,  we  describe  the  synthesis  of  y -amino  acids  by  oxidation  of  benzoyl 
derivatives  of  furan  amines. 

C^ir.OClIO  i  CIFjCOH  — »  CilliOCIU-rCIICOn  C^lljOClIaCiliCIIfNIIj)!! 

(!)  ‘  *  (II) 

The  preparation  of  unsaturaied  ketones  (I)  by  condensation  of  furfural  with  ketones  has  been  described  in 
detail  in  the  literature.  The  amines  (II)  were  obtained  quite  readily  by  reductive  amination  of  the  unsaturated 
ketones.  Thus,  the  reduction  of  a  series  of  a,  0 -unsaturated  ketones  of  the  furan  series  over  Raney  nickel  at  a 
pressure  of  120  atm  and  150*  to  form  saturated  amines  in  yields  of  50-70-'5t  has  been  described  [2]. 

We  studied  the  reductive  amination  of  four  unsaturated  carbonyl  compounds  of  the  furan  series  C4H3(X:H  = 
=CHCOR  (R  =  H,  CH3,  CgHs,  C^F^O).  In  determining  the  optimal  hydrogenation  conditions,  we  found  that  the 
best  yield  of  amine  was  obtained  when  the  reaction  was  carried  out  in  alcohol  saturated  with  ammonia  in  the 
presence  of  Raney  nickel  at  an  initial  pressure  of  85  atm  and  110*. 

Together  with  amines,  we  also  obtained  a  saturated  ketone  and  when  R  =  C5H5,  only  the  saturated  ketone 
was  isolated  (Table  1). 


TABLE  1 
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— 
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35 

To  characterize  the  amines  obtained,  we  plotted  their  ultraviolet  spectra*  and  ccxnpared  them  with  the 
ultraviolet  spectrum  of  1 -amino-1 -( a -furyl)-ethane.  which  was  obtained  by  reduction  of  acetylfuran  oxime 
with  zinc  dust;  the  band  at  260-270  mp  is  characteristic  of  the  furan  nucleus  (figure). 

*  The  ultraviolet  spectra  were  plotted  with  an  SF-4  spectrophotometer. 
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Absorption  spectra  of  amines 


TABLE  2 
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We  also  measured  the  pH  of  propanol  solutions 
of  tlic  amines  we  obtained*  ( Table  2). 

It  Is  readily  seen  that  the  basicity  of  these  amines 
increases  in  the  distance  of  the  amino  group  from  the 
furan  nucleus. 

The  benzoyl  derivatives  of  the  amines  were  then 
oxidized  with  potassium  pennanganate  to  the  benzoyl 
y  -amino  acids;  the  latter  were  difficult  to  purify  due 
to  difficulties  in  recrystallization. 


after  4 
the  m. 


(II),  1)  l-Amino-l,3-di-(a- 
furyl)-propane;  2)  1-amino- 
l-(a-furyl)-ethane;  3)  3- 
amino-3-(a  -furyl)-propane; 
4)  2-amino-4-(a -furyl)- 
butanc. 


EXPERIMENTAL 
Unsaturatcd  Ketones  (I) 


Furfurylideneacetone.  To  an  aqueous  ntethanol 
solution  of  1.5  moles  of  furfural  and  3.4  moles  of  ace¬ 
tone  was  added  30  ml  of  30^  sodium  hydroxide  solu¬ 
tion  dropwise  at  a  temperature  of  no  higher  than  lO^o; 
hr,  the  mixture  was  neutralized  with  sulfuric  acid.  The  yield  was  10‘%,  the  b.  p.  109-110*  (9  mm),  and 
p.  36-3r  [3]. 


Furfurylideneacctylfuran  was  prepared  analogously.  The  yield  was  84')t  and  the  m.  p,  88-89*  (from  meth¬ 
anol)  [4]. 

Furfurylideneacetophenone.  A  solution  of  5  g  of  sodium  in  70  ml  of  anhydrous  methanol  was  added  drop- 
wise  to  a  solution  of  0.2  mole  of  acetophenone  and  0.2  mole  of  furfural  in  50  ml  of  anhydrous  methanol  at  0*. 
After  3  hr,  the  mixture  was  poured  into  water  and  neutralized  with  acetic  acid.  The  yield  was  70<)fc  and  the 
b.  p.  184-185*  (10  mm)  [5], 


Furylacrolein,  To  a  solution  of  7  g  of  sodium  hydroxide  in  1400  ml  of  water  at  0*  was  added  1  mole  of 
furfural  and  then  a  solution  of  1.3  moles  of  acetaldehyde  in  300  ml  of  water.  After  2  hr,  the  organic  layer  was 
washed  with  water,  dried  with  CaClj,  and  distilled.  The  yield  was  80)t,  the  m.  p.  49-50*,  and  the  b,  p.  105- 
110*  (12  mm)  [6], 


Reductive  amination  of  unsaturated  ketones  of  the  furan  series.  To  a  solution  of  0.1  mole  of  ketone  in 
30  ml  of  anhydrous  alcohol  saturated  with  ammonia  was  added  3  g  of  Raney  nickel  and  the  mixture  hydrogenated 
in  a  0.25-liter  rotating  autoclave  at  110*  and  an  initial  hydrogen  pressure  of  85  atm.  When  the  pressure  had 
fallen  to  63  atm,  the  autoclave  was  cooled  and  the  catalyst  removed  by  filtration.  The  filtrate  was  acidified 
with  acetic  acid,  the  alcohol  removed  by  distillation,  the  saturated  ketone  extracted  with  ether,  and  the  extract 
dried  with  magnesiiun  sulfate.  After  removal  of  the  solvent,  the  ketone  was  vacuum  distilled.  The  aqueous 
layer  was  made  alkaline,  the  amine  extracted  with  ether,  and  the  extract  dried  with  alkali.  After  removal  of 
the  solvent,  the  amine  was  vacuum  distilled.  The  benzoyl  derivatives  of  the  amines  were  obtained  by  the  usual 
method,  namely  the  action  of  benzoyl  chloride  in  a  strongly  alkaline  medium. 

1.  From  13.6  of  furfurylideneacetone  we  obtained  furfurylacctone  in  a  yield  of  7  g  (51  <^). 

B.  p.  98-100*  (20  mm),  1.4712,  1.0293;  literature  data  [7);  b.  p.  95*  (15  mm),  1.4697, 

1.0258. 

*  The  pH  values  of  the  solutions  were  measured  with  an  LP*5  instrument  with  a  glass  electrode  at  19*. 
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2-Amlno-4-ot-furylbutane;  yield  6  g  (44 ‘5t), 

B.  p.  85-93*  (20  mm),  n*®D  1.4732,  0.9488,  MR£)  41.17;  calc.  41.05;  literature  data  [7):  b.  p.  102* 

(15  mm).  r?®D  1.4730. 

Benzoyl  derivative;  m.  p.  109-110*  (from  ligroin). 

Found  C  74.12,  74.19;  H  7.21,  7.18;  N  5.52,  5.31.  CijHitOjN.  Calculated  <1c:  C  74.05;  H  7.04; 

N  5.76. 

2.  From  12.2  g  of  furylacrolcin  we  obtained  3-a  -furylpropanal  in  a  yield  of  2.8  g  (23<)b). 

B.  p.  71-73*  <10  mm),  i^®D  1.4757,  literature  data  [8];  b.  p.  31-82*  (17  mm),  i^®D  1.4766. 

l-Amino-3-a-furylpropane;  yield  3.6  g  (30‘)t), 

B.  p.  70-71*  (20  mm).  n*®D  1.4852,  d*®4  1.001,  MRp  35.83;  calc.36.45;  literature  data  [9];  b.  p.  172-173* 
(754  mm). 

Benzoyl  derivative:  m.  p.  59-60*  (from  ligroin). 

Found  C  73.28,  73.42;  K  6.72,  6.70.  Calculated  C  73.34;  H  6.59. 

3.  From  9.4  g  of  furfurylideneacetylfuran  we  obtained  the  following  substances  by  hydrogenation  in  150  ml 
of  ethanol  at  an  initial  pressure  of  40  atm. 

Furfurylacetylfurau;  yield  4,2  g  (50«5t). 

B.  p.  147-148*  (13  mm).  i^®D  1.5225,  d*®^  1.1442. 

l“Amino-l,3-di-( a -furyl)- propane;  yield  3.5  g  (35o^). 

B.  p.  140-141*  (14  mm),  if®D  1.5012,  cf®^  1.C701,  MRp  52.67;  calc.  53.79. 

Benzoyl  derivative;  m.  p.  109-110*  (from  ligroin). 

Found  ic:  N  5.22.  5,33.  CuH^OaN.  Calculated  N  4.74. 

Benzoyl  derivatives  of  y  -amino  acids.  To  a  solution  of  0.01  mole  of  the  benzoyl  derivative  of  the  amine 
in  100  ml  of  anhydrous  acetone  were  added  1  ml  of  207o  potassium  hydroxide  solution  and  1  ml  of  alcohol.and 
then  a  solution  of  8.2  g  of  potassium  permanganate  in  250  ml  of  water  was  introduced  with  stirring  at  a  tempera¬ 
ture  no  higher  than  15*.  When  the  solution  had  been  decolorized,  8.3  g  of  finely  grourjd  potassium  permanganate 
was  added  and  the  mixture  left  overnight.  The  manganese  dioxide  was  removed  by  filtration  and  washed  with 
hot  water.  Tlie  combined  filtrates  were  evaporated  to  dryness  and  the  residue  dissolved  in  25  ml  of  water  and 
boiled  with  charcoal.  Hydrogen  chloride  was  passed  into  the  filtrate.  The  benzoyl  derivatives  of  the  y  -amino 
acids  crystallized  after  a  long  time  with  strong  cooling. 

N-Benzoyl-y -aminobutyric  acid;  yield  50'5ii,  m.  p.  81*. 

Found  C  63.70,  63.81;  H  6.52,  6.45.  CuHijOgN.  Calculated  C  63.75;  H  6.32. 

N-Benzoyl-y  -aminovaleric  acid;  yield  65')fc,  m.  p.  132-133*  [10]. 

Found  C  65.34,  65.36;  H  6.84,  6.89.  CuHjsOjN.  Calculated  C  65.14;  H  6.83. 

SUMMARY 

The  reductive  amination  of  o  ,  B -unsaturated  ketones  of  the  furan  series  under  pressure  was  studied.  On 
the  example  of  y  -aminobutyric  and  y  -aminovaleric  acids.  It  was  shown  that  benzoyl  derivatives  of  y  -amino 
acids  may  be  synthesized  by  oxidation  of  benzoyl  derivatives  of  amines  obtained  by  reductive  amination  of  fur- 
furylidene  ketones. 
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II.  SYNTIffiSIS  AND  CLEAVAGE  OF  a -BENZENESULFONAMIDEOACRYLOPHENONES 
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S,  Ordzhonikidze  All-Union  Chemicopharmaceutlcal  Scientific  Research  Institute 
Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No,  11,  pp.  3714-3718, 
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In  a  previous  communication  [Ij,  we  put  forward  the  hypothesis  that  the  conversic«  of  a -benzenesulfon- 
amido-  B -hydroxypropioplienones  into  the  corresponding  benzoylacetyls  proceeds  through  the  formation  of  ot- 
bcnzcncsuifonanridoacrylophenones.  Wc  were  unable  to  isolate  these  hypothetical  intermediate  compounds 
directly  from  the  reaction  mixture,  evidently  due  to  the  fact  that  under  the  conditions  of  the  reaction  studied 
their  decomposition  rate  exceeded  their  rate  of  formation  from  the  corresponding  a -benzenesulfonamido-  B- 
hydroxypropiophenones.  In  order  to  check  the  hypotheses,  we  undertook  the  synthesis  of  a-benzenesulfonamido- 
and  a  -benzenesulfonylmethylamidoacrylophenones. 

Attempts  at  the  direct  conversion  of  ot  -benzenesulfonamido-  B  -  hydroxypropiophenone  (I)  and  a-benzene- 
sulfonylmethylamido-  B -hydroxypropiophenone  (la),  into  the  corresponding  acrylophenones  in  analogy  with  the 
preparation  of  p-nitro-  a -acctylaminoacrylophenone  [2,  3]  were  unsuccessful;  both  compounds  were  recovered 
when  boiled  with  pyridine;  when  heated  with  acetic  anhydride,  a -benzenesulfonylmethylamido-B -hydroxy¬ 
propiophenone  (la)  did  not  react,  while  a -benzenesulfonamido-B -hydroxypropiophenone  (I)  was  converted  into 
a -benzenesulfonamido- B-acetoxypropiophenone  (11). 

Treatment  of  a -benzenesulfonamido-B -hydroxypropiophenone  (I)  with  thionyl  chloride  in  the  presence 
of  pyridine  yielded  a -benzenesulfonamido- B-chloropropiophenone  (HI).  When  heated  with  a  tertiary  amine 
(pyridine  and  triethylamine),  this  compound  readily  lost  a  molecule  of  hydrogen  chloride  and  was  converted 
into  a-bcnzenesulfonamidoacrylophenone  (IV)^and  when  treated  with  caustic  alkalis  in  an  aqueous  medium 
it  formed  a  mixture  of  62A'Jc  of  l-benzenesuifonyl-2-benzoylaziridine  (V)  and  37,6''^  of  the  acrylophenone 
(IV).  Analogous  results  were  obtained  by  treatment  of  a -benzenesulfonamido-  B -chlcropropiophenone  (III) 
with  sodium  ethylate  in  alcohol. 

When  l-bcnzenesulfonyl-2-benzoylaziridine  (V)  was  heated  with  an  aqueous  alcohol  solution  of  hydro¬ 
chloric  acid,  the  three-membered  ring  was  opened  to  form  a-chloro-B-benzenesulfonamidopropiophenone  (VI), 
which  remained  unchanged  when  heated  with  pyridine,  but  was  reconverted  into  compound  (V)  by  the  action  of 
caustic  alkalis.*  Methylation  of  a-benzenesulfonamidoacrylophenone  (IV)  with  dimethyl  sulfate  in  an  aqueous 
medium  in  the  presence  of  sodium  hydroxide  yielded  a-benzenesulfonylmcthylamidoacrylophenone  (VD). 


*  Analogous  conversions  occur  with  l-(p-toluenesulfonamido)-2-bromoethylbenzene  [4]. 
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Experiments  on  the  hydrolysis  of  benzenesulfonamldo-  and  benzenesulfonylmethylamldoacrylophenones 
(IV)  and  (VII)  with  mineral  acids  showed  that  when  boiled  with  1-2'^  aqueous  alcohol  solutions  of  sulfuric  acid 
for  30-60  min,  both  of  these  compounds  decomposed  completely  to  benzoylacctyl  (VIIQ  and  the  corresponding 
sulfonamide.  When  heated  under  the  same  conditions,  ci-benzenesulfonamido-  and  a -bcnzenesulfonylmeihyl- 
amido-8-hydroxypropiophcnones  (I)  and  (la)  did  not  change  and  could  be  recovered  quantitatively  from  the 
reaction  mixture. 

Thus,  we  showed  that  when  heated  with  mineral  acids,  a-benzenesulfonamidoacrylophenoncs  arc  cleaved 
quantitatively  with  the  formation  of  benzoylacetyl  and  the  corresponding  sulfonamide,and  the  rate  of  this  cleav¬ 
age  is  much  greater  than  the  rate  of  cleavage  of  the  corresponding  sulfonamidohydroxypropiophenones. 


EXPERIMENTAL 

g-Dcnzenesulfonamido-  8 -acetoxypropiophenone  (II).  A  mixture  of  6.1  g  of  a-benzenesulfonamido- 8- 
hydroxypropiophenone  and  15  ml  of  acetic  anhydride  was  heated  on  a  boiling  water  bath  for  4  hr  and  then  poured 
into  water.  An  oil  separated  and  this  crystallized  rapidly.  The  precipitate  was  collected,  washed  with  water, 
dried,  and  recrystallized  from  alcohol.  We  obtained  5,4  g  (77,8')t)  of  a -benzenesulfonamldo-8 -acetoxypro¬ 
piophenone  as  a  colorless,  crystalline  substance  with  m.  p.  92-92.5*, 

Found  C  58.67;  H  4.83;  N  4.05.  C17H17O5NS.  Calculated  C  58.77;  H  4.93;  N  4.03. 

g-Benzenesulfonamido-  8-chloropropiophenone  (III),  Into  a  flask  with  a  stirrer,  thermometer,  and  reflux 
condenser  with  a  calcium  cliloride  tube  were  placed  6.1  g  of  a -benzenesulfonamIdo-8-hydroxypropiophenone, 

30  ml  of  benzene,  and  1  mi  of  pyridine.  With  stirring  and  cooling  with  water,  to  the  reaction  mixture  was  added 
1.8  ml  of  thionyl  chloride  at  such  a  rate  that  the  temperature  of  the  reaction  mixture  did  not  rise  above  20*. 

The  precipitate  gradually  dissolved.  The  reaction  mixture  was  stirred  for  30  min  and  then  carefully  heated  to 
boiling  on  a  water  bath.  The  solution  then  became  turbid  and  a  second  layer  separated.  The  mixture  was  boiled 
for  10-15  min  and  cooled,  warm  water  added,  and  the  mixture  stirred  and  transferred  to  a  separatory  funnel.  The 
benzene  layer  was  separated,  washed  three  times  with  warm  water,  and  dried  over  sodium  sulfate,and  the  ben¬ 
zene  removed  by  distillation.  The  residue  was  dissolved  in  hot  alcohol  and  treated  with  activated  charcoal  and 
the  filtrate  left  to  crystallize.  We  obtained  3.45  g  of  a -benzenesulfonamido- 8-chloropropiophenone  as  square, 
colorless  platelets  with  m.  p.  103-104*.  A  further  0.55  g  of  material  was  isolated  from  the  mother  liquor  by 
partial  evaporation.  The  total  yield  was  4,0  g  (61,7')t),  For  analysis,  the  subsunce  was  recrystallized  twice 
from  alcohol,  when  it  had  m.  p.  106-107*.  The  substance  was  insoluble  in  water,  but  soluble  in  organic  solvents. 

Found  N  4.37;  Cl  10.71.  CjsHuOjNSCl.  Calculated  N  4.35;  Cl  10.95. 

g  -Benzenesulfonamidoacrylophcnone  (IV).  To  a  solution  of  3.2  g  of  a -benzenesulfonamido-8-chloio- 
propiophenone  (III)  in  10  ml  of  benzene  was  added  1.6  g  of  pyridine.  The  solution  was  boiled  on  a  water  bath 
for  1  hr.  A  precipitate  formed, and  this  was  collected  when  the  reaction  mixture  had  cooled.and  washed  with 
water  and  alcohol.  We  obtained  2,0  g  of  a-benzenesulfonamidoacrylophenone  as  a  yellowish  crystalline  product 


3680 


with  m.  p,  127-129*.  A  further  0.5  g  of  the  same  substance  was  isolated  from  the  benzene  mother  liquor.  Tl* 
total  yield  was  2.6  g  (87.1  <^t).  After  recrystallization  from  alcohol,  tlie  substance  melted  at  130-131*.  It  was 
insoluble  in  water,  but  dissolved  In  dilute  aqueous  solutions  of  sodium  hydroxide  to  form  the  sodium  salt.  It 
decolorized  solutions  of  bromine  and  potassium  permanganate. 

Found  ‘7c:  C  62.92;  II  4.46;  N  4.81;  S  11.09.  CisIlijOjNS.  Calculated  <5t:  C  62.70;  H  4.56;  N  4.87; 

S  11.16. 

1  -Benzenesulfonyl -2-benzoylaziridine  (V).  a)  To  200  ml  of  a  1*7:  aqeous  solution  of  sodium  hydroxide 
was  added  10  g  of  powdered  a -benzenesulfonamido -fl-chloropropiophenone  (III).  The  reaction  mixture  was 
stirred.  At  first  there  was  appreciable  solution  of  the  precipitate,  but  fine  acicular  crystals  soon  separated  and 
the  reaction  mixture  changed  to  a  difficultly  stirrable  suspension.  The  mixture  was  left  for  30  min  and  then  the 
precipitate  collected  and  washed  with  water  and  alcohol.  We  obtained  5.4  g  (OO.O^o)  of  l-benzenesulfonyl-2- 
benzoylazirldine  with  m.  p.  126.5-127*.  After  recrystallization  from  alcohol,  the  needles  had  m.  p.  129-130*. 

Found  <7::  C  62.72;  H  4.61;  N  5.00;  S  10.70.  CisHiaOjNS.  Calculated  C  62.70;  H  4.56;  N  4.87; 

S  11.16. 

Acidification  of  the  aqueous  mother  solution  with  hydrochloric  acid  yielded  3.25  g  (36.5*7:)  of  a-benzene- 
sulfonamidoacrylophenone  (IV)  with  m.  p.  129-130*.  The  substance  did  not  depress  the  melting  point  of  the 
a-benzcnesulfonanudoacrylophenone  obtained  in  the  previous  experiment  with  pyridine. 

b)  Under  the  conditions  of  the  previous  experiment,  from  1  g  of  a-chJero-  fl -benzenesulfcnamidopioplo- 
phenone  (VI)  we  obtained  0.71  g  (80*7:)  of  l-benzenesulfonyl-2-benzoylaziridine.  No  B-benzenesulfonamido- 
acrylophenone  was  isolated  from  the  aqueous  mother  solution. 

ot -Chloro-fl  -bcnzer.esulfonamidopropicphcnone  (VI).  A  2.0-g  sample  of  l-benzenesulfonyl-2-benzoyl- 
azirldinc  (V)  was  added  to  a  solution  of  2  ml  of  concentrated  hydrocliloric  acid  in  10  ml  of  alcohol.  The  mix¬ 
ture  was  boiled  for  15  min  and  ihen  left  overnight  to  crystallize.  The  precipitate  was  collected,  washed  with 
50'7c  alcohol,  and  dried.  We  obtained  1.6  g  of  a-chloro-B-bcnzcnesulfonamidopropiophenone  with  m.  p,  87- 
89*.  A  further  0.46  g  of  the  substance  was  obtained  from  the  mother  solution  by  dilution  with  water.  The  total 
yield  was  2.06  g  (90.7'7).  On  recrystallization  from  alcohol,  the  substance  formed  lustrous  platelets  v/ith  m.  p. 
92-93*.  The  compound  depressed  the  melting  point  of  a -benzenesulfonamido-  fl -chloropropiophenone  (III). 

Found  fc;  C  55.71;  H  4.37;  N  4.38;  Cl  10.94;  S  10.04.  C15H14O3NSCI.  Calculated  <7;:  C  55.75;  H  4.35; 

N  4.35;  Cl  10.95;  S  9.90. 

o.  -Denzenesulfonyknethylamldoacrylophenone  (VII).  Into  a  flask  with  a  stirrer  and  thermometer  were 
placed  2.9  g  of  a  -benzenesulfonamidoacrylophenone  (IV)  and  30  ml  of  a  3‘Vc  solution  of  sodium  hydroxide.  The 
reaction  mixture  was  stirred  at  30*;  the  precipitate  dissolved  to  form  a  yellow  solution,  but  the  a-benzenc- 
sulfonamidoacrylophenone  then  precipitated  partially  as  the  sodium  salt.  To  the  mixture  was  added  1.0  ml  of 
dimethyl  sulfate,  the  mixture  stirred  at  30-35*  for  1C  min,  and  then  a  further  0,8  ml  of  dimethyl  sulfate  added. 
The  reaction  mixture  was  stirred  for  1  hr  at  the  same  temperature  and  the  precipitate  then  collected  and  washed 
with  water.  We  obtained  2.23  g  of  a  yellowish  crystalline  substance  with  m.  p.  120-122*,  which  was  recrystal¬ 
lized  from  alcohol.  The  yield  of  a -benzenesulfonylmethylamidoacrylophenone  was  1.5  g  (  74*7!)  and  the  m.  p, 
was  126-127*.  The  substance  depressed  the  melting  point  of  the  starting  a-benzenesulfonamidoacrylophenonc. 

Found  <7:;  C  63.97;  U  5.01;  N  4.73,  CieHisQjNS.  Calculated  *7;  C  63,75;  H  5.01;  N  4.64, 

Benzoylacetyl  (VIII).  A  mixture  of  5,74  g  of  a -benzenesulfonamidoacrylophenone  (P/),  25  ml  of  alcohol, 
and  1  ml  of  40'7:  sulfuric  acid  solution  was  boiled  on  a  water  bath  for  1  hr.  Then  15  ml  of  alcohol  was  removed 
in  vacuum  at  40-45*.  The  residue  deposited  crystals  on  cooling.  They  were  collected  and  washed  with  water. 

We  obtained  2,4  g  of  benzcnesulfonamide  with  m.  p.  152-157*.  The  substance  did  not  depress  the  melting  point 
of  authentic  benzcnesulfonamide.  The  alcohol  mother  solution  was  diluted  with  water  and  extracted  with  ben¬ 
zene.  The  benzene  solution  was  dried  over  calcium  chloride,  the  benzene  removed,  and  the  residue  vacuum 
distilled.  We  obtained  2.65  g  (89.2'7)  of  benzoylacetyl  with  b,  p,  98-99*  (11  mm),  if*D  1.5328  (according  to 
literature  data  [5];  b,  p,  101,6-102.6*  at  12  mm,  n'®D  1,537), 

Under  the  same  conditions,  a-benzenesulfonylmcthylamidoacrylophenone  (VII)  decomposed  completely 
to  benzoylacetyl  and  bcnzcncsulfonylmeihylamide,  while  a -benzenesulfonamido-  anda-benzenesulfonylmethyl- 
amido- fl -hydroxypropiophenones  remained  unchanged. 
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SUMMARY 


1,  We  synthesized  and  characterized  a -benzenesulfonamldo-  and  a-benzenesulfonylmethylatnldoacrylo- 
phenones,  which  are  the  most  probable  Intermediates  in  the  conversion  of  the  corresponding  a -benzenesulfon- 
amido-  B  -hydroxyproplophenoncs  Into  benzoylacetyl. 

2,  It  was  shown  that  the  rate  of  cleavage  of  ot  -benzenesulfonamldoacrylophenones  to  benzoylacetyl  and 
the  corresponding  benzenesulfonamide  is  many  times  greater  than  the  rate  of  cleavage  of  ot-benzenesulfonamldo- 
fl  -hydroxypropiophenones. 
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SOME  REACTIONS  OF  !3IS(e-HYDROXYETHYL)- 
AMINO-p-BENZOOUlNONE.  II** 

A.  Ya.  Berlin  and  A.  N.  Makarova 

Insrltute  of  Experimental  and  Clinical  Oncology,  Academy  of  Medical  Sciences,  USSR 
Translated  from  Zhurnal  Obshchei  Khimll,  Vol.  30,  No,  11,  pp.  3718-3721, 

November,  1960 

Original  article  submitted  January  5, 1960 


In  searches  for  new  sub>iances  with  antitumor  activity,  it  seemed  interesting  to  us  to  synthesize  bls(8- 
chloioethyl)-amlno-p-benzoc|uinonc  (i)  from  bis(fl-hydroxyethyl)-amino-p-benzoquinone  (II),  which  we  pre¬ 
pared  previously. 
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All  attempts  to  replace  tiu  hydroxyl  groups  In  compound  (II)  by  chlorine  atoms  by  the  action  of  thionyl 
chloride  unde;  various  conditions  were  unsuccessful, as  there  was  always  considerable  tar  formailon.and  no  In¬ 
dividual  substance  could  be  Isolated  from  the  reaction  mixture.  Assuming  that  the  reason  for  tlie  failure  of  these 
experiments  was  the  presence  of  the  extremely  reactive  p-benzoqui.none  residue  in  tlte  molecule,  we  attempted 
to  effect  this  synthesis  tlirough  the  corresponding  hydroquinone  by  the  following  scheme: 
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•  For  communication  I,  see  [1], 
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Oulnone  (II)  was  converted  Into  hydroquinonc  (III)  by  catalytic  hydrogenation.  When  Raney  nickel  was  used 
In  alcohol.  It  was  Impossible  to  Isolate  pure  hydroquinone  (III)  as  the  substance  was  oxidized  extremely  readily 
In  air  to  tlie  starting  benzoquinone  (Il).and  therefore  tfjc  hydrogenation  was  carried  out  in  water  in  the  presence 
of  a  platinum  catalyst.and  the  colorless  solution  of  hydroquinone  (III)  obtained  was  immediately  treated  with 
alkali  and  benzoyl  chloride  to  fonn  2,5-dibenzoyloxy-bIs(B-hydroxyethyl)-anIlIne  (IV),  By  the  action  of  thionyl 
chloride,  the  dibenzoate  (IV)  was  readily  convened  Into  2,5-dibenzoyloxy-bis(fl -chloroethyl)-anlline  (V), 

However,  it  was  impossible  to  isolate  the  hydroquinone  (VI)  and  the  quinone  (I),  Heating  the  dibenzoate 
(V)  with  alcoholic  hydrochloride  acid  formed  an  uncrystallizable  red-violet  mass.and  in  only  one  experiment 
we  obtained  a  very  small  amount  of  cherr)’-red  crystals,  which  were  apparently  2-chloro-5-bIs(fl-chloroethyl)- 
amino-p-benzoqu!none  (VII),  which  was  formed  as  a  result  of  successive  hydrolysi3,oxidation,  and  addition  of 
hydrogen  chloride. 

From  the  amount  of  benzoic  acid  formed,  it  was  shown  indirectly  that  the  action  of  90*^11  sulfuric  acid  on 
the  dibenzoate  (V)  at  icom  temperature  produced  practically  complete  hydrolysis  of  the  benzoyloxy  group,  but 
all  attempts  to  oxidize  the  hydrolysis  product  of  (V)  with  p-benzoquinone,  HjOj,  Ag20,  Pb02  [2],  02»etc.,wcre 
unsuccessful. 

BIs(0-chlorocthyl)-amlno-p-bcnzoqulnone  (I)  was  recently  described  as  a  by-product  in  the  synthesis  of 
compound  (VIII)  by  condensation  of  p-benzoquinone  with  bis(l-chlorocthyl)-amIne  [3). 
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EXPERIMENTAL 

2.5- Dibenzoyloxybis(fl-hydroxyethyl)-anillne  (IV).  A  0.5-g  sample  of  bis(5-hydroxyethyl)-amino-p- 
benzoquinone  was  dissolved  in  50  ml  cf  hot  distilled  water  and  the  solution  cooled  to  room  temperature.  Hydro¬ 
genation  was  carried  out  in  the  presence  of  0.1  g  of  Pt02*H20  until  a  colorless  solution  was  formed.and  86  ml 
of  hydrogen  (22*,  730  mm)  was  thereupon  absorbed.  At  the  end  of  the  reaction,  the  catalyst  was  allowed  to 
settle,  the  colorless  solution  rapidly  decanted  from  it,  an  aqueous  solution  of  0.228  g  of  NaOH  and  0.6  ml  of 
distilled  benzoyl  chloride  were  added,  and  the  mixture  was  shaken  with  cooling  in  a  stream  of  water.  The  gray 
precipitate  was  collected  and  dried.  The  weight  was  0.7  g.  Recrystallization  from  benzene  yielded  colorless 
crystals  with  m.  p.  151-152*. 

Found  C  68.46,  68.76;  H  5.42,  5.63;  N  3.43;  H3ct  0.£8.  0.55.  C24H230eN.  Calculated  C  68.41; 

H  5.51;  N  3.33;  H^^^  0.48. 

The  quinone  (II)  could  also  be  hydrogenated  as  a  suspension  in  water. 

2.5- Dibenzoyloxy-bis(  B -chloroethyl)-aniline  (V).  To  0.4  g  of  the  dibenzoate  (IV)  was  added  4  ml  of 
thionyl  chloride  and  the  greenish  yellow  solution  formed  left  overnight  at  room  temperature.  The  excess  thionyl 
chloride  was  removed  in  vacuum  in  the  cold  with  the  addition  and  vacuum  distillation  of  two  5  ml  portions  of 
absolute  ether.  The  residue  was  a  yellowish  crystalline  mass  (0.4  g,  93^)  with  m.  p.  105-107*.  Two  rccrystal- 
lizations  from  alcohol  yielded  colorless  crystals  with  m.  p.  110-110.5*.  The  substance  was  readily  soluble  In 
the  normal  organic  solvents,  but  sparingly  soluble  in  hexane. 

Found  C  62.38;  H  4.68;  Cl  15.22.  C24H21O4NCI2.  Calculated  C  62.80;  H  4.62;  Cl  15.50. 

Hydrolysis  and  oxidation  of  the  dichloride  (V).  a)  Action  of  alcoholic  hydrochloric  acid.  A  mixture  of 
0,1  g  of  the  dichloride  (V),  3  ml  of  concentrated  hydrochloric  acid,  and  5  ml  of  alcohol  was  heated  in  a  sealed 
tube  at  125-130*  for  6.5  hr.  The  dark  violet  solution  formed  did  not  deposit  a  precipitate  either  on  cooling  or 
on  gradual  evaporation  and  cooling.  The  residue  after  complete  removal  of  the  solvent  was  a  dark  cherry  red, 
thick,  tarry  mass,  which  was  readily  soluble  in  alcohols,  but  insoluble  in  ether,  benzene,  and  hexane.  The 
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substance  was  dissolved  in  a  small  amount  of  alcohol  and  precipitated  with  ether.  The  turbid  pink  solutioa 
formed  was  decanted  from  the  tar  deposited  on  the  walls  and  left  in  a  refrigerator.  By  next  day  the  solutioa  had 
deposited  a  smali  amount  of  dark  cherry  red,  well  formed,  dense  crystals  of  2-chloro-5-bis(0-chloroethyl)-amino- 
p-benzoquinone  (VII)  with  m.  p.  175-177*. 

Found  C  41.98;  H  5.03;  Cl  34.5.  CioHioOjNCla.  Calculated  ‘Jfc;  C  42.48;  H  3.58;  Cl  37.7. 

It  was  not  possible  to  purify  the  substance  further  because  of  the  small  amount  of  It. 

b)  Action  of  90*^:  sulfuric  acid.  A  0.1-g  sample  of  the  dichloride  (V)  was  dissolved  in  5  ml  of  90<Jt  sul¬ 
furic  acid  without  heating.  The  next  day  the  brown  liquid  was  poured  into  50  ml  of  ice  water  and  the  aqueous 
solution  extracted  with  three  2  0-m  1-port  ions  of  ether.  The  combined  ether  extracts  were  washed  with  three  5-ml 
portions  of  water  (until  the  acid  reaction  to  Congo  disappeared),  the  ether  evaporated,  and  the  benzoic  acid  in 
the  residue  determined  potentiometrically  (2.03  equiv.  were  found).  In  a  control  experiment  under  die  same 
conditions,  but  with  a  sample  of  pure  benzoic  acid,  98*^  of  the  acid  taken  was  found. 

None  of  the  numerous  attempts  to  oxidize  the  hydrolysis  product,  both  as  a  mixture  with  benzoic  acid  and 
with  preliminary  removal  of  the  latter  by  the  action  of  various  oxidants  such  as  p-benzoquinone.  H}C\,  AgjO. 
activated  Pb02,  atmospheric  oxygen,  etc.,  led  to  the  quinone  (I)  interesting  us,  though  in  most  cases  the  ether 
or  ethyl  acetate  solution,  whicii  was  originally  colorless,  acquired  an  orange  color  on  oxidation. 

All  the  analyses  were  carried  out  in  the  analytical  chemistry  laboratory  of  the  Institute  under  the  direc¬ 
tion  of  A,  D,  Chlnaeva. 


SUMMARY 

1.  2,5-Dibenzoyloxy-bis(0-hydroxyethyl)-aniline  and  2,5-dibenzoyloxy-bls(fl-chloroethyl)-aniline  were 
obtained  from  bis(fl-hydroxyethyl)-amino-p-benzoquinone, 

2.  Attempts  at  the  hydrolysis  of  2,5-dibenzoyloxy-bis(8 -chloroethyl)-anillne  v.'lth  subsequent  oxidation 
were  unsuccessful. 
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The  preparation  of  aminodesacetylcolchiclde  (I)  from  aminocolchicide  (II)  was  described  In  a  previous 
communication  [1).  The  next  step  in  the  investigation  was  the  preparation  of  two  N-methyl  derivatives  of  amino- 
desacctylcolchiclde. 

Aminodesacetyl-N-methylcolchicide  (III),  which  could  be  called  the  amide  of  colchameine,  was  prepared 
by  the  action  of  aqueous  ammonia  on  colchamine  (IV)  in  methanol  [2],  by  heating  colchamine  or  colchameine 
(V)  with  ammonia  under  pressure  [3],  and  by  the  action  of  strong  amm.onia  on  colchameine  at  room  temperature 
[4].  It  is  noteworthy  that  there  Is  a  substantial  difference  in  literature  data  on  the  constants  of  aminodesacetyl- 
N-methylcolchicide  (see  table). 


In  the  case  of  the  melting  point,  these  discrepancies  are  partly  explained  by  the  effect  of  the  solvents  used 
for  recrystallization  [4]. 


The  product  (II)  was  obtained  by  the  action  of  strong  aqueous  ammonia  ou  colchamine  at  room  tempera¬ 
ture.  Products  which  differed  strongly  in  melting  point  were  Isolated  in  different  experiments.  It  was  found  that 
too  short  a  treatment  with  ammonia  yielded  an  intermediate  product,  which  was  probably  a  molecular  compound 
of  colchamiiie  (IV)  and  aminodesacetyl-N-methylcolchiclde  (III). 
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Nil,.  R,  z=  R,=  H; 

Nil,.  R,  =  H.  R,=;r,OClI,: 
Nil,.  R,  =  H.  U,  =  Cll,; 
OCII,.  R,  =  11.  R,  =  CII,; 
Oil.  K,  =  11,  R,  =  CII,; 


(Vf)  R  =  OCII,.  R, 
(VIO  R  =  OCH,.  a, 
(Vllll  R  =  Oil.  R,  = 
(l\)  R  =  NII,.  R,  r 


=  H,  =  Cll,: 
=  R,=  11; 
R,  =  CII,; 

:  R,  =  CII,. 


Both  substances  were  detected  in  this  product  by  paper  chromatography,  and  its  analysis  corresponded  to 
the  formula  C4iH4309N3,  which  is  the  sum  of  Cs^HjsOsN  (IV)  and  C20H24P4N2  (III), 

In  the  colchicine  series  there  is  a  case  of  the  formation  of  a  similar  molecular  compound: The  reaction 
of  colchicine  and  colchamine  forms  colchicerine,  which  is  a  molecular  compound  of  the  two  alkaloids  named 
[6,  7].  Colchicerine  is  obtained  readily  the  reaction  of  colchamine  and  colchiclne,and  its  melting  point  b 
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Recry  stallizatlon 
solvent 

Melting 

point 

Specific  rotation 

Literature 

reference 

[«]«; 

concentration 

solvent 

120-122* 

-126” 

1.072 

Chloroform 

[5] 

Methanol 

128-131 

-131  ” 

[2] 

(decomp.) 

Ethyl  acetate 

198-200 

-17t3 

Chloroform 

[3] 

Ethyl  acetate 

198-200 

-17i3 

Chloroform 

[4] 

Water 

120-125 

[4] 

higher  than  that  of  either  of  the  substances  forming  it,-  The  molecular  weight  of  colchicerine  found  cryosopic- 
ally  corresponds  to  the  calculated  value  for  the  molecular  compound. 

In  our  case,  determination  of  the  molecular  weight  cryoscopically  showed  that  the  molecular  compound 
(in)-(IV)  hardly  exists  in  benzene  solution.  The  molecular  weight  found  corresponded  to  only  a  relatively  in¬ 
significant  number  of  large  molecules  with  the  calculated  molecular  weight  of  727.  The  preparation  of  the 
intermediate  product  by  mixing  the  substances  forming  it  was  found  to  be  difficult, and  it  melted  below  the  com¬ 
ponents.  It  is  possible  that  the  product  examined  was  not  a  molecular  compound,  but  mixed  crystals. 

The  intermediate  product  could  not  be  isolated  in  any  experiment  where  the  treatment  time  was  longer 
than  2  days.  In  all  these  cases  we  obtained  aminodesacetyl-M-methylcolcliicidc  (ill),  which  gave  different 
crystal  forms  on  recrysullization.  One  form,  which  consisted  of  fine  needles,  was  obtained  from  relatively  di¬ 
lute  solutions,  while  the  other,  wliich  consisted  of  refracting  platelets,  was  isolated  by  slow  concentration  of 
solutions. 

The  contradictory  data  on  the  melting  point  of  aminodesacetyl-N-methylcolchlcide  (III)  evidently  may 
be  explained  in  various  ways. 

It  Is  a  different  case  with  the  difference  in  the  data  on  the  specific  rotation.  This  problem  has  been  studied 
for  colchicine  [8],  In  chloroform,  tlie  absolute  value  of  the  specific  rotation  falls  with  an  increase  in  the  col¬ 
chicine  concentration.  The  absolute  value  of  the  specific  rotation  of  colchicine  in  alcohol  is  higher  than  in 
chloroform  and  is  independent  of  concentration.  The  absolute  value  of  the  specific  rotation  increases  with  the 
addition  of  alcohol  to  chloroform. 

We  observed  analogous  phenomena  for  aminocolchicide  (II).  Over  a  narrow  range  of  concentrations  there 
was  a  linear  relation  between  the  specific  rotation  of  aminocolchicide  and  the  concentration  at  18-20*,  which 
could  be  expressed  by  the  formula 


la),=  -I71(1.071-c)+l(X)l", 

where  c  is  the  concentration  in  the  range  0.300-0.700  g  of  substance/100  ml  of  solution. 

The  specific  rotation  of  aminocolchicide  in  alcohol  was  considerably  higher  and  independent  of  concen¬ 
tration. 

In  the  case  of  aminodesacetyl-N-methylcolchicide  (IQ),  no  substantial  changes  in  specific  rotation  with 
concentration  were  observed.  There  was  no  appreciable  difference  in  the  specific  rotations  of  alcohol  and  chloro 
form  solutions.  Therefore,  it  is  not  yet  possible  to  draw  any  conclusions  on  the  reasons  for  the  difference  in  lit¬ 
erature  data.  The  specific  rotation  presented  in  the  first  line  of  the  table  agrees  with  our  data. 

It  was  shown  previous  that  methylation  by  the  Leuckart— Wallach  method  is  applicable  in  the  colchicine 
series  [2,  29, 10],  !n  the  methylation  of  colchamine  (IV),  the  yield  of  N-methylcolchamine  (VI)  was  —SO'Jt, 
while  N-methylcolchamine  was  obtained  in  about  50‘^t  yield  from  desacetylcolchicine  (VII);  approximately 
40‘5fc  of  N-methylcolchameine  (VIII)  was  formed  from  colchameine  (V).  We  methylated  aminodesacetylcol- 
chicide  with  formalin  and  formic  acid  and  obtained  aminodesacetyl-N-dimethylcolchicide  (DC)  in  21°lc  yield. 

For  Identification,  the  same  product  was  prepared  by  the  reaction  of  N-methylcolchamine  with  ammonia. 
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Amlnodcsacetyl-N-dlmcthylcolchiclde  (IX)  has  a  strange  property:  The  melting  point  of  crystals  of  it  ob¬ 
tained  from  ethyl  acetate  increased  after  careful  grinding. 

We  are  very  grateful  to  L.  M,  Utkin  for  continuous  interest  in  the  work  and  G.  G,  Dvoryantseva  for  deter¬ 
mining  the  molecular  weight. 

EXPERIMENTAL 

Reaction  of  colchaniine  (IV)  with  ammonia.  A  solution  of  1  g  of  colchamlne  in  7.5  ml  of  alcohol  was 
mixed  with  42.5  ml  of  an  aqueous  solution  of  ammonia  (d  0.904);  after  16.5  hr,  the  solution  was  extracted  with 
chloroform.  The  residue  front  the  extract  was  dissolved  in  2  ml  of  ethyl  acetate.  On  standing,  the  solution 
deposited  0.73  g  of  refracting,  laminar  crystals  with  m.  p.  155-157*.  The  melting  point  was  unchanged  after  the 
material  had  been  recrystallizcd  from  ethyl  acetate.  For  analysis,  the  substances  was  dried  for  8  hr  at  3  mm  and 
100*.  [aj^’D  —121.9*  (c  0.998,  chloroform);  —128.4*  (c  0.853,  alcohol). 

Found  N  5.54;  OCU3  30.09,  29.58.  Calculated  N  5.78;  OCHs  29.85. 

In  other  experiments,  the  product  obtained  melted  at  142-144*.  The  molecular  weight  of  tl.  s  substance# 
found  cryoscopically  in  benzene, was  414. 

Aminodesacetyl-N-methylcolchicide  (III).  A  solution  of  1.12  g  of  colchamlne  in  10  ml  of  alcohol  was 
mixed  with  47.5  ml  of  an  aqueous  solution  of  ammonia  (d  0.904).  After  3  days,  the  mixture  was  extracted  with 
chloroform.  The  residue  from  the  extract  was  dissolved  in  1.5  ml  of  ethyl  acetate.  We  obtained  0.88  g  of  crys¬ 
tals  in  the  form  of  needles  grouped  In  rosettes  with  m.  p,  122-125*.  After  recrystallization  from  ethyl  acetate, 
the  substance  softened  at  143-144*,  then  solidified  and  melted  at  198-200*.  When  the  solvent  was  evaporated 
from  the  mother  solution  slowly,  platelets  with  m.  p.  127-130*  appeared  on  the  bottom  and  walls  of  the  flask. 

On  recrystallization,  this  substance  gave  needles  with  m.  p.  198-200*.  Recrystallization  of  the  latter  gave 
platelets  from  the  mother  solution  in  addition  to  the  substance  with  the  same  melting  point. 

Aminodesacetyl-N-methylcolcliicide  with  m.  p.  198-200*  was  also  obtained  by  the  action  of  ammonia  on 
the  intermediate  product  described  above. 

In  chloroform  [af°D  -126.9*  (c  0.420);  [a]*’D  -  128.2*  (c  0.721)  and -125.6*  (c  1.144).  In  alcohol  (a]^*D 
-123.4*  (c  0.285);  -  1123.6**(c  1.065). 

The  hydrochloride  had  m.  p.  271*  (decomp.,  from  alcohol).  It  was  readily  soluble  in  water. 

In  water  [a]”D  -242.1*  (c  0.740);  [a]**D  -257.8*  (c  0.741);  [aj^D  -269.0*  (c  0.751);  [af*D  -277.8* 

(c  0.770).  These  solutions  had  pH  '-5.5. 

Found  C  61.37,  60.51;  H  6.26,  6.60;  N  7.25;  Cl  8.91.  C2oHj404N2  •  HCl.  Calculated  ‘)t;  C  61.10; 

H  G.42;  N  7.13;  Cl  9.03. 

Liberation  of  the  free  base  from  the  hydrochloride  yielded  both  crystal  forms  of  aminodesacetyl-N-methyl- 
colchicide. 

Aminodesacetyl-N-dimsthylcolchicide  (IX).  a)  A  mixture  of  7.73  g  of  aminodesacetylcolchicide  (I), 

20  ml  of  31.55t  formalin,  and  10  ml  of  85<)t  formic  acid  was  heated  on  a  boiling  water  bath  for  30  min.  The 
cooled  mixture  was  diluted  with  50  ml  of  water,  made  alkaline  with  90  ml  of  \2'’}o  NaOH,  and  extracted  with 
chloroform.  The  residue  from  the  extracts  was  recrystallized  from  ethyl  acetate.  We  obtained  3.10  g  of  com¬ 
pound  (IX),and  recrystallization  of  this  from  the  same  solvent  with  charcoal  gave  2.44  g  of  product;  the  substance 
consisted  of  fine  yellow  needles  with  m.  p.  201-203*;  If  the  crystals  were  ground  carefully,  the  m.  p.  was  222- 
224*.  This  phenomenon  could  be  observed  with  carefully  purified  material,  preferably  after  purification  through 
the  hydrochloride.  In  one  experiment,  N-methylcolchameine  (VIII)  was  isolated  from  the  mother  solution  after 
separation  of  compound  (IX). 

For  chloroform  solutions  of  compound  (IX):  —67.6*  (c  0.324);  (a]j*®D  -70.7*  (c  0.760). 

Found  N  7.32,  7.37;  CX:H3  24.28,  23.67;  NCHj  8.07.  C21H26O4N2.  Calculated  oja.  N  7.52;  OCH^ 
24.01;  NCHj  7.84. 

•  As  in  original  —  Publisher. 


3688 


The  hydrochloride  had  m.  p.  274-275*  (decomp,,  frouT  alcohol).  It  was  readily  soluble  In  water. 

In  water  [a)**D  -134.1*  (c  0.334);  “196.2*  (c  0.558);  -272.4*  (c  1.156). 

Found  <y::  C  61.65,  61.85;  H  6.62,  6.52;  N  6.66,  6.67;  Cl  8.74,  8.72.  •  HCU  Calculated  ohi 

C  61.95;  H  6.69;  N  6.89;  Cl  8.72. 

b)  A  solution  of  2.5  g  of  N-meihylcolchamine  (VI)  In  25  ml  of  alcohol  was  mixed  with  120  ml  of  an 
aqueous  ammonia  solution  (d  0,909),  A  crystalline  precipitate  appeared  after  1  hr.  After  3  days,  the  precipi¬ 
tate  was  collected  and  washed  with  water  (yield  1.70  g).  Recrystallization  from  ethyl  acetate  yielded  1.24  g 
of  compound  (IX)  as  fine  yellow  needles  with  m.  p.  199-204*.  A  further  0.48  g  of  compound  (IX)  was  obtained 
from  the  mother  solution. 

In  chloroform  [af  *D  -70.5*  (c  0.353);  [a]”D  -78.7*  (c  0.696). 

Found  N  7.42.  CziHjcO^N,.  Calculated  N  7.52. 

The  identity  of  the  substances  obtained  by  the  two  methods  was  evident  from  the  properties,  the  fact  that 
a  mixed  melting  point  was  not  depressed,  and  the  correspondence  of  die  ultraviolet  and  infrared  absorption 
spectra.  The  hydrochlorides  of  the  bases  obtained  by  methods  a)  and  b)  were  found  to  be  identical. 

Specific  rotation  of  aminocolchicide  (II),  For  dehydration  of  the  crystal  hydrate  of  (II),  the  substance  was 
dried  over  P2O5  for  9  lir  at  3  mm  and  100*;  the  weight  loss  was  9.69ojfc.  The  substance  was  then  dried  for  7  hr  at 
3  mm  and  135*. 

Found  H2O  11,58,  C21H24O5N2  *  3H2O,  Calculated  H2O  12.33. 

The  crystal  hydrate  of  (II)  was  recrystallized  from  chloroform.  We  obtained  a  product  with  m.  p.  259-260*. 
The  substance  was  dried  for  30  hr  at  3  mm  and  135*. 

Foiuid  '7c;  CHCI3  13.01,  13.10.  CziHi^OsN^  *  V2CHCI3.  Calculated  CHCI3  13.46. 

The  specific  rotations  of  chloroform  solutions  of  compound  (II)  containing  chloroform  of  crystallization 
were  as  follows:  [af  ®D  -148.6*  (c  0.362);  [af  -137.2*  (c  0.542);  [a]  D  -130.5*  (c  0.677).  The  values  cal¬ 
culated  from  the  formula  (p,  3687  were  [a]  D —150,2*, —137,61  —127.9*,  respectively,  for  the  three  concentrations. 

in  alcohol  [a 3**0  -250.0*  (c  0.236),  [af^D  -256.3*  (c  0.244),  -256.4*  (c  0.480),  -252.3*  (c  0.741). 
-252.8*  (c  0,793). 


SUMMARY 

1.  Aminodesacetyl-N-methylcolchiclde  (amide  of  cholchameine)  forms  a  compound  with  colchamine, 
which  is  apparently  a  molecular  compound. 

2.  Aminodesacetyl-N-dImethylcolchicide  was  prepared. 

3.  The  specific  rotation  of  aminocolchicide  in  chloroform  and  alcohol  was  studied  over  a  narrow  range 
of  concentrations. 
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Caro's  acid  is  often  used  in  organic  synthesis  as  an  oxidant  for  converting  cyclic  ketones  into  lactones  and 
ketones  with  an  open  chain  into  esters  (Baeyer— Villlgcr  reaction  [1]),  for  the  oxidation  of  amines  to  nltroso  com 
pounds  [2-4],  for  the  preparation  of  amine  oxides,  iodo  compounds,  etc.  [5],  The  mechanism  of  oxidation  by 
Caro's  acid  has  been  studied  in  detail  only  for  the  Baeyer— Villiger  reaction  [6-8]  and  scheme  (1)  was  substan¬ 
tiated  quite  well. 


\c=-0  f-  IIO-OSO3II  — ►  — ► 

R/  Ri/  \O-OSO3H 

ncoon,  +  H*. 


Rv  .OH 


(1) 


,OH 


”  \  A/ 

4-  nsor  — u-c( 

11/  ^0+  \OR, 


(a) 


(b) 


According  to  this  scheme,  the  unstable  ion  (a)  is  formed  with  rupture  of  the  peroxide  bond  and  rearranges 
very  rapidly  to  the  ion  (b)  with  the  transfer  to  oxygen  of  the  radical  R  or  Rj  which  can  most  readily  acquire  a 
negative  charge.  This  explains  the  observed  direction  of  the  bond  rearrangement. 

Among  the  reactions  of  other  peracids,  a  detailed  investigation  has  been  made  of  the  conversion  of  olefins 
and  their  derivatives  into  oxides  (Prilezhaev  reaction)  for  which  mechanism  (2)  was  proposed  [5,  9, 10]. 


«  -  CH  -- CHj  R  -  CM  •—  CH, 

—  _  t. 

X  0  -OH  X-0  ••••  OH 


R-CH  -O'.g 
.  I 
XO  OH 


P-CH-CH,  +  X— OH 

\/ 

0 


(2) 


This  explains  the  activating  effect  of  electron-donor  substituents  in  the  olefin  molecule  and  the  passivating 
effect  of  electron-acceptor  substituents. 

Both  mechanisms  presented  assume  polarization  of  the  peroxide  bond  —0—0  and  its  heterolytic  rupture. 

However,  there  is  another  possibility  for  explaining  the  mechanism  of  oxidation  by  Caro's  acid  and  other 
peracids,  namely,  decomposition  to  the  free  radicals  HO’  and  HSQi*#  which  act  as  oxidants.  The  possibility  of 
this  course  for  the  reactions  examined  agrees  with  the  fact  that  many  reactions  of  hydrogen  peroxide  [5]  and 
other  peroxide  compounds  proceed  by  a  radical  mechanism.  For  example,  it  was  shown  with  the  aid  of  the 
heavy  oxygen  isotope  O^'  that  potassium  persulfate  in  aqueous  solution  oxidizes  by  the  transfer  of  electrons, 
evidently  with  the  intermediate  formation  of  the  radical-ion  SQ4  *,  which  also  acts  as  an  oxidant  [11-13].  The 
participation  of  free  radicals  is  also  assumed  in  some  stages  of  the  oxidation  of  amines  by  peracids  [14]. 
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In  tlK  present  work  we  used  Isotopes  to  distinguish  between  die  heterolytic  schemes  for  oxidation  by  Caro's 
acid  of  type  (1)  or  (2)  and  the  radical  mechanism.  We  studied  the  oxidation  of  aromatic  amines  to  niiroso  com¬ 
pounds  and  the  latter  to  nitro  compounds  by  the  potassium  salt  of  normal  Caro's  acid  in  water  labeled  with  heavy 
oxygen  H  20“. 

With  radical  decomposition  of  Caro's  acid,  the  radicals  HO*  and  SO4"- formed  should  undergo  fast  reactions 
[11-13.  15]j 


110-  4-  II— oi«ii  non  4-  oiMi;  sof  4-  n-O'sii  nsoj"  4  * oisn, 


(3) 


which  lead  to  replacement  of  radicals  from  the  oxidant  HO**  radicals  from  water.  The  latter  act  as  the  main 
source  of  oxygen  in  the  oxidation  products.  Thus,  these  products  should  contain  excess  O**  if  the  oxidation  pro¬ 
ceeds  by  a  radical  mechanism. 

With  the  heterolytic  mechanisms,  the  reaction  products  should  not  contain  excess  0**,as  peroxide  com¬ 
pounds  do  not  exchange  their  oxygen  with  water.and  exchange  should  not  occur  for  the  OH*"  group,  even  if  it 
is  formed  as  a  kinetically  free  Ion  (which  is  extremely  improbable). 

We  found  that  nitrosobenzene,  o-nitrosoanisole,  p-nitrosonitrobenzene,  and  p.p'-dinltroazoxybenzene  ob¬ 
tained  by  oxidation  of  aniline,  o-anisidine,  and  p-nitroaniline  did  not  contain  excess  O**.  It  was  also  absent 
from  nitrobenzene  and  o-nitroanisole  obtained  by  oxidation  of  nitrosobenzene  and  o-nitrosoanisole. 

These  data  are  incompatible  with  the  radical  mechanism,  bur  correspond  to  a  heterolytic  mechanism, 
which  may  represented  by  schemes  (4)  and  (5)  In  tlie  cases  examined. 

For  the  oxidation  of  amines  to  nitroso  compounds: 


II 

I 

n_N-ii 
110^  — ()SO;,K 


II 

I 

H-N....II 

no . 6sO:,k 


II 

I 

n-N  4  noso.,K 

1 

oil 


(4) 


(with  subsequent  oxidation  of  the  arylhydroxylamine  and  elimination  of  water  from  the  nitroso  compound  hy¬ 
drate  formed). 

For  tlie  oxidation  of  nitroso  compounds  to  nitro  compounds: 


n— 4-  IIO+— O.SO:,K 


n— N 


OH  ]► 
O  . 


OSO3K- 


HNO2  4-  IIOSO;,K 


(5) 


In  accordance  with  the  latter  scheme,  we  found  that  in  contrast  to  nitrosobenzene  and  nitrosoanisole, 
p-nitrosonitrobenzene  is  not  oxidized  by  Caro’s  acid  at  room  temperature.  This  retardation  of  the  reaction 
was  to  be  expected, due  to  the  reduction  in  the  nucleophilic ity  of  the  nitroso  group  nitrogen  under  the  action 
of  the  nitro  group  in  tlie  para  position. 

p-p’-Dinitroazoxybenzene,  which  was  formed  together  with  p-nitrosonitrobenzene  in  the  oxidation  of 
p-niiroaniline,  was  probably  obtained  by  the  following  reaction: 


p-NtV'-olUN’Ila  l-p-ONCijIl^NO.  — ♦  <\.N— Nzr^N— NO^ 

with  subsequent  oxidation  of  p,p'-dinitroazobenzene  by  a  mechanism  analogous  to  (5)  or  (2)  with  rearrangement 
of  the  epoxide  formed. 

As  is  clear  from  the  argument  presented,  the  conclusion  that  the  oxidations  studied  are  lieterolytic  is  based 
on  literature  data  on  the  rapidity  of  reaction  (3). 

In  addition  to  the  oxidation  mechanism,  in  the  present  work  we  studied  the  isotopic  exchange  of  nitro¬ 
benzene,  nitromethane,  and  a  series  of  nitroso  compounds  with  H2C^*.  There  are  no  data  on  this  exchange. 

We  needed  tliem  for  investigating  the  oxidation,  but  they  were  also  of  interest  in  themselves. 
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It  was  found  that  the  nitro  compounds  mentic»ied  do  not  exchange  oxygen  with  water,  even  under  drastic 
conditions  in  the  presence  of  alkali  or  acid.  Among  the  nitroso  compounds,  nitrosobenzene,  p-nitrosodimethyl- 
aniline,  o-nitrosoanisole,  and  p-nitrosonitrobenzene  did  not  exchange  in  neutral,  acid,  or  alkaline  media  at 
temperatures  up  to  100*,  while  p-nitrosophenol  and  a-nitroso-fl -naphiliol  exchanged  rapidly  even  at  50*  in  the 
presence  of  acid  (a -nitroso- 0-naphthol  also  in  the  presence  of  alkali).  Only  one  of  the  two  oxygen  atoms  par¬ 
ticipated  in  the  exchange  of  the  last  two  compounds. 

These  data  show  that  even  under  drastic  conditions  the  nitroso  group  docs  not  exchange  with  water  and 
that  the  exchange  in  the  last  two  substances  occurs  only  in  the  hydroxyl  group.  It  occurs  in  the  quinone  oxime 
tautomer 

MO— NO  O.^^  ^N— OH, 

for  which,  in  analogy  with  carbonyl  compounds,  one  might  expect  rapid  exchange  of  oxygen  in  the  grouping 

>  C  =  O. 

It  is  Interesting  to  compare  the  lack  of  exchange-  in  the  nitroso  group  with  the  rapid  exchange  in  the  car¬ 
bonyl  group  [16],  which  shows  a  certain  similarity  in  chemical  behavior.  This  sharp  difference  in  exchange 
capacity  must  be  explained  by  the  considerably  lower  polariry  of  the  —  N=0  group  in  comparison  with  the 

>  C=0  group,  wliich  prevents  reversible  hydration  that  leads  to  isotopic  exchange  in  the  case  of  the  carbonyl 
group. 

EXPERIMENTAL 

Caro’s  acid  [17].  A  mLxiure  of  20  g  of  finely  powdered  potassium  persulfate  and  13  ml  of  concentrated 
sulfuric  acid  was  ground  in  a  mortar  cooled  with  ice  and  salt.  After  1  hr,  the  mixture  was  added  to  50  ml  of 
water  containing  2.17c  excess  which  was  partly  frozen  and  cooled  with  ice  and  salt.  The  Caro’s  acid  was 
tlicn  neutralized  slowly  with  a  solution  of  36  g  of  freshly  baked  potassium  carbonate  in  34  ml  of  lijO**,  filtered, 
the  precipitate  washed  with  5  ml  of  ^nd  the  filtrate  diluted  to  100  ml  with  H20^*.  The  active  oxygen 

content  of  the  solution  obtained  was  determined  by  the  procedure  in  [18]. 

Oxidation  of  aniline  to  nltrosobcnzcne  [19].  To  11.4  ml  of  the  solution  of  Caro’s  acid,  containing  0.103  g 
of  active  oxygen,  at  room  temperature  was  gradually  added  a  solution  of  an  equivalent  amount  of  aniline  (0,3  g) 
in  15  ml  of  After  10  min,  the  nitrosobenzene  formed  was  collected,  pressed  out  on  filter  paper,  and  puri¬ 

fied  by  vacuum  sublimation.  Its  m.  p.  was  63.5-64.5®,  which  corresponds  to  literature  data.  The  yield  was 
~0.3  g.  Isotopic  analysis  showed  that  this  substance  did  not  contain  excess  O^*. 

Oxidation  of  o-anisldine  to  o-nitrosoanisole  [3].  To  39  ml  of  the  solution  of  Caro’s  acid,  containing 
0.352  g  of  active  oxygen,  was  added  a  solution  of  1.2  ml  of  glacial  acetic  acid  in  4  ml  of  The  mixture 

obtained  had  pH  ~2,  An  ice-cooled  emulsion  of  1,35  g  of  o-anisidine  in  10  ml  of  H20^*  was  added  with  cooling 
in  ice  and  stirring  to  the  mixture  over  a  period  of  0.5  min.  After  6  min,  the  o-niirosoanlsole  was  collected, 
pressed  out  on  filter  paper,  and  sublimed  in  vacuum.  The  yield  of  the  substance  that  had  been  sublimed  twice 
was  0.27g,  and  the  m.  p.  was  101-102.5®  (according  to  literature  data,  m.  p.  103®).  The  substance  did  not  con¬ 
tain  excess 

Oxidation  of  p-nitroaniline  to  p-nitrosonitrobenzene  and  p.p’-dinitroazoxybenzene  [2].  To  26  ml  of  the 
solution  of  Caro’s  acid,  containing  0.231  g  of  active  oxygen,  were  added  75  ml  of  H2O**  and  1  g  of  finely  ground 
p-nitroaniline,  the  mixture  shaken  for  4  hr  and  then  left  for  a  further  40  hr  at  room  temperature,  and  the  pre¬ 
cipitate  collected,  washed  twice  with  H20'*i  and  sublimed  in  vacuum  at  up  to  160®  until  sublimation  ceased. 

We  obtained  0,43  g  of  sublimate  and  0,45  g  of  residue.  The  residue  was  extracted  with  20  ml  of  boiling  chloro¬ 
form,  Evaporation  of  the  extract  obtained  gave  0.31  g  of  substance,  which,  after  recrystallizaticn  from  3.5  ml 
of  anhydrous  dioxane,  had  m.  p.  187.5-188.5®  and  after  a  second  recrystallization,  m.  p.  189-190®.  which  cor- 
resf>onds  to  literature  data  for  p,p’-dinItroazoxybenzene  (m.  p.  191.5®  [2]),  The  sublimate  was  resublimed  at 
up  to  90®  to  give  a  substance  with  m,  p.  110-113®,  which,  after  recrystallization  from  anhydrous  alcohol,  had 
m.  p.  117-118*  and  was  pure  p-nitrosonitrobenzene  (aceording  to  literature  data,  m.  p.  118,5-119*  (2)),  Iso¬ 
topic  analysis  showed  that  neither  of  the  products  isolated  contained  excess  O^*. 
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Summary  of  Experlnicnu  on  Exchange  of  Nltroso  Compounds  and  Nltro  Compounds  with 
HiO“ 


Substance 

CttllsNO 

p  (CIl3)2NCoH4NO 
p  O.NCoIl^NO 
o-CIIaOCcM^NO 
p-nnr,cH,NO 


3.  j-lIOC,oHoNO 


Cr.ll;,\02 


(JIInNO., 


I  San 

sub- 

Istance 

iple  (g) 

H.o** 

1  hoi 

Cata¬ 

lyst* 

Exchange 
time  (min) 

Tern-  j  Characteris- 
i  tics  of  ex- 
j  change 

0.2 

2 

2 

3 

70® 

None 

0.2 

2 

2 

Ac* 

5 

85 

0.2 

2 

2 

Al* 

3 

85 

0.1.5 

2 

2 

_ 

60 

100 

< 

0.1.5 

2 

2 

Ac* 

25 

KKl 

• 

0.1.5 

2 

2 

Al 

5 

100 

0.07 

0..5 

1 

_ 

.30 

100 

• 

0.07 

0..5 

1 

Ac 

5 

100 

0.07 

0.5 

1 

Al 

5 

100 

■>ecomposIti< 

0.07 

0.5 

1 

_ 

60 

100 

None 

0.07 

0..5 

1 

Ac 

5 

100 

C)ecompositi< 

0.07 

0.5 

1 

Al 

5 

KM) 

The  same 

0.12 

2 

2 

— 

60 

100 

None 

0.00 

0.5 

1 

Ac 

5 

100 

41% 

0.00 

0.5 

1 

Ac 

5 

50 

10«/a 

0.06 

0.5 

1 

Al 

5 

100 

None 

0.2 

2 

2 

60 

100 

The  same 

0.2 

2 

2 

Ac* 

12 

100 

430/0 

0.18 

1 

2 

Ac 

5 

80 

42«/o 

0.09 

1 

2 

Ac 

5 

50 

16'Vo 

0.09 

0.5 

1 

Al 

5 

100 

41% 

0.09 

1 

2 

Al 

5 

50 

fi% 

6 

2 

— 

Ac* 

16  hr 

150 

None 

0 

2 

— 

Al’ 

The  same 

150 

» 

.5 

2 

_ 

Ac’ 

29  hr 

1.50 

* 

.5 

Al* 

25  hr 

120 

•Ac  —  0.2  N  HCl;  A1  —  0.2  N  NaOH.  The  symbols  Ac*  and  Al*  are  used  for  experiments 
where  tlie  concentrations  were  0.5  N. 


Oxidation  of  nitrosobenzene  to  nitrobenzene.  A  mixture  of  1.65  g  of  finely  ground  nitrosobenzene  and 
30  ml  of  the  solutionof  Caro’s  acid,  containing  0.272  g  of  active  oxygen,  was  shaken  for  2.5  hr,  left  for  35  hr, 
and  again  shaken  for  5  hr.  The  reaction  mixture  was  then  extracted  with  absolute  ether,  the  extract  dried  with 
CaCl2.  the  solvent  removed,  and  the  nitrobenzene  vacuum  distilled.  Of  tfie  two  fractions  of  nitrobenzene  with 
b.  p.  115-117*  (40  mm)  obtained,  the  first  (0.4  g)  had  a  pale  green  color  from  traces  of  nitrosobenzene  and  n*®D 
1.5507.  The  second  (0.4  g)  had  the  normal  color  of  nitrobenzene  and  n*®D  1.5513  (for  pure  nitrobenzene, 

1.5524).  Isotopic  analysis  of  the  second  fraction  showed  that  it  contained  no  excess  O**. 

Oxidation  of  o-nitrosoanlsole  to  o-nitroanisole.  A  mixture  of  0.215  g  of  finely  ground  o-nitrosoanisole 
and  7  ml  of  the  solution  of  Caro's  acid,  containing  0.030  g  of  active  oxygen,  was  shaken  for  3  hr,  left  for  35  hr, 
and  again  shaken  for  5  hr.  The  o-nitroanisole  was  isolated  analogously  to  the  nitrobenzene  and  had  b.  p.  130- 
135*  (10  mm)  and  n?®D  1.5628.  The  yield  was  "-O,!  g  (literature  data  for  o-nitroanisole:  b.  p.  132-133*  at  11  mm 
and  il*®D  1.56204,  1.5619  [20)).  The  substance  did  not  contain  excess  O^*.  The  water  used  to  prepare  tbe  Cato's 
acid  for  this  experiment  contained  1.1*^  of  excess 

Attempted  oxidation  of  p-nltrosonitrobcnzene  to  p-dinltrobenzene.  A  mixture  of  0.235  g  of  p-nitroso- 
nitrobenzene  and  7  ml  of  the  solution  of  Caro's  acid,  containing  0.030  g  of  active  oxygen,  was  shaken  for  3  lir, 
left  for  35  hr,  and  again  shaken  for  6  hr.  The  precipitate  was  collected,  washed  twice  with  H2O**  and  dried, 
when  It  had  m.  p.  109-111*.  Sublimation  in  vacuum  at  90*  gave  a  substance  with  tlie  same  melting  point  as 
the  starting  p-niuosonitrobenzenc.  There  was  no  involatile  residue.  These  data  show  that  no  oxidation  occurred. 

Investigation  of  isotopic  exchange.  The  exchange  of  nitroso  compounds  was  studied  in  homogeneous 
aqueous  alcohol  solution  under  neutral  conditions  and  in  the  presence  of  0.2-0.5  N  HCl  or  NaOH.  The  mixture 
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of  tlie  substance,  water  (containing  1.2  at,  °lo  of  excess  O**),  and  alcohol  was  heated  in  a  sealed  glass  ampoule 
and  then  the  solvent  removed  and  the  substance  purified  by  vacuum  sublimation.  The  purity  of  the  starting 
preparations  and  the  substances  isolated  after  exchange  was  checked  by  the  melting  points,  wliich  corresponded 
to  literature  data  in  all  cases.  The  nitrobenzene  and  nitromethane  exchanged  with  water  under  heterogeneous 
eonditions.  They  were  separated  from  the  water,  dried,  and  vacuum  distilled.and  their  purity  was  checked  by 
tlie  boiling  points  and  refractive  indices.  A  summary  of  the  conditions  and  results  of  typical  experiments  is 
given  in  the  table. 

Isotopic  analysis  was  carried  out  by  the  method  of  Rittenbcrg  and  Ponticorvo  [21],  which  consists  in  heat¬ 
ing  a  sample  of  the  substance  and  mercuric  chloride  in  an  evacuated  ampoule  and  analyzing  the  CO^  formed 
mass  spectromctrlcally.  In  some  of  the  experiments  we  also  used  the  method  in  [22]  with  the  use  of  platinum 
ampoules. 

We  would  like  to  thank  A.  I.  Brodskii  for  help  in  discussing  the  results  of  this  work  and  L  M.  Protas  for 
making  the  mass  spectrometric  measurements. 


SUMMARY 

1.  It  was  shown  that  nittosobenzene,  o-nitrosoanisole,  p-nltrosonitrobenzene,  and  p,p*-dinltroazoxyben- 
zene  obtained  by  the  action  of  the  potassium  salt  of  Caro’s  acid  in  HjO^*  on  aniline,  o-anlsldine,  and  p-nitro- 
aniline  do  not  contain  excess  O**.  There  was  also  no  excess  O*'  in  nitrobenzene  and  o-nitroanisole  obtained 
under  the  same  conditions  from  nittosobenzene  and  o-nitrosoanisole.  respectively, 

2.  These  data  are  incompatible  with  the  radical  mechanism  for  tlie  oxidation,  but  correspond  to  a  hetero- 
lytic  mechanism,  for  which  possible  schemes  are  proposed. 

3.  It  was  found  that  nitrobenzene  and  nitromethane  do  not  exchange  their  oxygen  with  H20^*  under  drastic 
conditions  in  tlie  presence  of  acid  or  alkali.  Among  the  series  of  nitroso  compounds  studied,  only  p-nitrosophenol 
and  a  -nitroso-  fl-naphthol  exchanged  the  one  oxygen  atom  of  the  OH  group.  The  nitroso  group  did  not  undergo 
exchange. 
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Despite  the  large  number  of  papers  on  the  synthesis  and  the  study  of  the  chemical  prop>erties  of  polyene 
compounds.  Interest  in  them  is  continually  increasing.  This  is  explained  not  only  by  the  fact  that  substances 
with  a  polyene  structure  occur  widely  in  nature  and  consequently  their  synthesis  is  of  interest  in  itself,  but  also 
by  tl)e  fact  that  aliphatic  polyene  systems  with  functional  groups  may  be  used  as  Intermediates  for  the  synthesis 
of  a  large  number  of  natural  substances  and  their  analogs  containing  various  carbocycllc  systems. 

There  liave  now  been  quite  extensive  descriptions  of  the  preparation  and  properties  of  aliphatic  [1-4]  and 
aromatic  [5-8]  compounds  with  polyene  chains  and  also  cycloaliphatic  compounds  with  the  double  bond  In  the 
cyclohexene  ring  In  position  1.  These  Include  aromatic  principles  [4],  vitamin  A  [1],  carotenoids  [1],  and  also 
some  of  their  analogs.  In  most  cases,  natural  products  arc  used  to  prepare  these  substances. 

It  seemed  interesting  to  investigate  cycloaliphatic  polyene  compounds  of  the  A*-cyclohexene  series,  which 
have  not  been  studied  up  to  now  and  r^ay  be  synthesized  from  readily  accessible  products  of  diene  synthesis. 

In  the  present  work  we  started  from  4-meihyl-A’-tctrahydrobenzaldehyde  (I),  which  was  obtained  by  diene 
condensation  of  isoprene  and  acrolein. 

For  the  construction  of  a  polyene  side  chain  we  chose  the  condensation  of  acetals  with  vinyl  ethers,  which 
has  previously  been  used  successfully  for  this  purpose  by  many  authors  [3,  7,  8,  9, 10],  The -best  catalyst  for  the 
reaction  was  found  to  be  zinc  chloride  in  ethyl  acetate  or  butyl  acetate,  but  it  was  necessary  to  select  the  reac* 
tion  conditions  in  each  actual  case  to  obtain  a  satisfactory  yield  of  primary  condensation  product. 

To  study  the  lability  of  the  alkoxyl  groups  in  the  acetals  and  to  compare  the  hydrolysis  products  of  ether 
acetals  obtained  by  this  condensation,  we  used  for  the  first  stage  of  the  synthesis  the  ethyl  (II)  and  butyl  (III) 
acetals  of  4-methyl-A*-tetrahydrobenzaldehyde  and  the  two  corresponding  vinyl  ethers.  It  was  found  that  with 
an  equimolecular  ratio  of  the  starting  reagents,  the  diethyl  acetal  (II)  reacted  with  vinyl  ethyl  ether  at  70-75* 
to  form  about  of  the  pritpary  condensation  product  (FV),  while  the  dibutyl  acetal  (III)  of  the  same  aldehyde 
reacted  with  vinyl  butyl  ether  even  at  20-22*  and  the  yield  of  the  primary  condensation  product  (V)  reached 
19'^.  Thus,  the  acetal  with  the  heavier  radical  was  found  to  be  more  reactive. 
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OH  OH 
(Vl>  a 

The  coiJdentatlon  of  tlic  acetals  (ff)  and  (III)  with  vinyl  ctljeri  always  formed  a  mixture  of  etlicr  acetals, 
which  were  tlic  products  of  tlie  addition  to  tlie  acetal  of  one,  two,  or  more  molecules  of  tlie  vinyl  ctl«r,  Tl»e 
amount  of  tlicsc  rccondary  f>rr>»luctt  dcfx:nfied  on  tlai  experimental  condltlfjns  and  mainly  nn  tlic  ratio  of  the  surt- 
Ing  crym/x^nents.  To  obtain  a  high  yield  r/  tlic  primary  con»V:ntatlon  product,  it  was  neotstary  to  use  a  large 
excess  (A  tlic  acetal.  I'or  example,  under  otiicrwlse  e'^ual  cr/idltif/is,  but  with  a  threefold  excess  of  tlic  acetal 
(II)  or  (HI),  tlic  yields  of  tlie  ether  aceult  (IV)  or  (V)  readied  TliU  is  explained  by  the  fact  tliat  both 

tlie  starting  acetals  and  tlie  etlier  ar^tals  fortned  as  a  result  of  the  reaction  reacted  at  almost  tlic  tame  rate  with 
the  vinyl  ethers,and  tlicrefore  excess  of  the  acetals  caused  a  decrease  in  ilie  amount  of  products  from  furtlier 
con'V:nsatlon  f.'j,  7,  8,  10,  11],  However,  even  with  a  threefold  excess  of  the  starting  acetal  (II),  in  addition  to 
the  ctlier  acetal  (IV),  we  were  able  to  Isolate  a  yield  of  the  product  (VI),  which  was  fonned  as  a  result  of 
the  addition  of  rv/o  molecules  of  vinyl  ethyl  etlicr  to  tlic  acetal  (II)  (higlicr-molecular  compounds  were  not  In¬ 
vestigated). 


V/hen  lieated  with  a  mixture  of  sodium  a^xstatc  and  arctic  acid  |0],  the  ether  acetals  (IV)  and  (V)  were 
converted  into  a  mixture  of  st/ircoiv>mcrlc  o.fi-unsaturatcd  aldehydes  (VII),  from  wliicli  two  Isomers  were  lio- 
laiiid  as  tlir:  2,d-dlnIirophenyIhydrazones  ano'  sernicarbazones  (Tabic  8), 


(tV)  or  (V) 


Yield 


a  - 


/  /  / 


t;iio 


u  I 


/  / 
(Vila)  cis- 
(Vllb)  trans- 


(jji  the  basis  of  the  ultraviolet  absorj^tlon  s|ycctra  of  tlie  derivatives  of  tlicse  isomeric  aldchy'ies  (VII),  it 
may  l/c  considered  that  hydrolysis  of  t]»:  ether  acefiJs  (IV)  and  (V)  gave  as  the  main  pro<iuct  tlic  cls-abiehydc 
(Vila),  v/ho"/:  crysLillliv:  derivatives  had  a  lower  al/iorptlo.'i  inmnsity  at  the  same  v/aveleiigth  in  comparison  with 
ilie  ab'.orptlofi  intensity  of  derivatives  of  the  Isomeric  al<i»:hyde  (Vllb),  v/hicfi  was  obtained  in  a  siriall  amount 
In  the  hydrolysis  products  and  was  apparently  the  trans-aldehyde  (Vllh)  (i’igs.  1  and  '/).  It  should  be  noted  that 
» Is-traris  Isomers  were  not  detr;cted  in  sul/scoueni  stages  of  the  synthesis.  The  action  of  ethyl  orthofonnate  and 
anhydrous  alcohol  ui  the  aldehyde  (VII)  In  the  pre‘/;n«;e  of  8.0'^  orthoplK/sphorlc  acid  gave  a  yield  of  tlic 
acetal  (VI/I),  which  was  then  comlrsiised  with  vinyl  ether.  Tlic  ether  acetal  (IX)  was  formed  in  yield  with¬ 
out  the  formatirai  of  by-products.  This  is  exjdalned  by  tlic  fact  that  the  rate  of  addition  of  vinyl  ethers  to  «,  6- 
unsaturated  acetals  h  considerable  greater  than  tlic  rate  of  their  addition  to  the  ether  acetals  formed  saturated 
acetals  (.'1,  7,  8,  10,  llj.  Hydrolysis  of  tlic  ether  acetal  (IX)  gave  tlie  aldrshydc  (X),  which  was  also  obtained  by 
hydrolysis  of  the  ctlier  ar:etal  (VI), 
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In  tlic  preparation  of  o  ,fl -unsaturated  abJehydes  by  tlic  given  method,  tlie  acetal  fonnatlon,  condensation, 
and  hydrolysis  could  lie  combined  and  tlie  Ivjlation  and  purification  of  tlic  Intermediate  products  eliminated. 

lOsf^titionof  all  the  given  stages  of  tlie  syntliesis  with  tlic  aldehyde  (X)  led  to  the  aldehyde  (XIII)  and  tlien 
il<c  aldehyde  (XVI),  which  Is  an  analog  of  vitamin  A  aldehyde,  Tl»csc  aldehydes  were  thick,  yellow-green  liquids, 
which  changed  rapidly  during  str>rage. 
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It  should  be  noted  that  with  tlie  accumulation  of  conjugated  double  bonds  in  tiie  side  chain  and  an  increase 
In  the  distance  of  tlie  aldehyde  group  from  the  cyclohexane  ring,  the  condensation  of  the  acetals  wiih  vinyl  ethyl 
etlicr  proceeded  more  readily. and  the  yields  of  the  main  reaction  products  increased  from  13'^  In  the  first  stage 
to  80-85'^  in  tlie  latter  stages. 


Fig,  1.  Ultraviolet  absorption 
spectra  of  alcohol  solutions  of 
2,4>dinitrophcnylhydrazones 
of  aldehydes;  1  -  (I);  2  — 
(Vn)-cls;  3  -  (Vll)-trans;  4- 
(X):  5 -(XIII);  C-  (XVI). 


Fig,  2,  Ultraviolet  absorption  spectra  of 
alcohol  solutions  of  semicaibazones  of  al¬ 
dehydes;  1  —  (VII)-cIs;  2  —  (Vll)-trans;  3  — 

(X);  4-(Xra). 

All  the  intermediate  products,  apart  from  the 
ether  acetal  (XV),  which  decomposed  during  distilla¬ 
tion,  were  isolated  in  a  discrete  state.and  the  aldehydes 
(X),  (XIII).  and  (XVI)  were  identified  as  2,4-dinItro- 
ptienylhydrazones  and  semicarbazoncs  and  their  ultra¬ 
violet  absorption  spectra  plotted  (Figs.  1  and  2  and 
Table  3). 


The  regularities  in  the  ultraviolet  absorption 
spectra  of  the  2,4-dinitrophenyIhydrazones  and  semi- 
carbazones  of  the  aldehydes  studied  were  in  complete 
agreement  with  those  of  similar  carbonyl  compounds  described  in  the  literature  [12].  This  further  confirms  the 
structure  of  the  aldehydes  syntliesizcd  (VII),  (X),  (XIII),  and  (XVI), 
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EXPERIMENTAL 

The  diethyl  acetal  of  4-methyl-^^- 
tetrahydrobenzaldehyde  (II)  was  obtained  with 
the  aid  of  tetraethoxysilane.  After  the  reaction 
mixture  had  been  kept  for  8  hr.  It  was  shaken 
for  0.5  hr  withSO^c  alkali  (525  ml  of  alkali  per 
mole  of  tetraethoxysilane)  to  remove  silicon 
compounds, and  then  the  alcohol  layer  was 
separated,  dried  with  potassium  carbonate,  and 
distilled  (treatment  method  A). 

The  dlbutyl  acetal  of  4-methyl-A^- 
tetrahydrobenzaldehyde  (III)  was  obtained  by 
the  addition  of  n-butanol  and  concentrated 
hydrochloric  acid  to  the  aldehyde  (I).  After 
the  reaction  mixture  had  been  kept  for  a  time, 
it  was  treated  with  pyridine  (30  ml  per  mole 
of  original  aldehyde),  then  ether  added  and 
the  ether  layer  washed  with  an  Ice-cooled 
A^Jc  solution  of  sodium  bicarbonate,  dried  over 
potassium  carbonate,  and  vacuum  distilled 
(treatment  method  B), 

The  acetals  (VIIl),  (XI),  and  (XIV)  were 
obtained  in  the  following  way,  A  mixture  of 
the  aldehyde  (VII),  (X),  or  (XIII),  ethyl  ortho¬ 
formate,  and  anhydrous  ethanol  in  the  molar 
proportions  of  1.0: 1.1:  3.0  and  a  catalytic 
amount  of  85‘7c  orthophosphoric  acid  solution 
was  left  at  room  temperature  for  24  hr.  The 
reaction  mixtures  were  then  treated  by  method  B. 

The  ratios  of  the  components  and  the 
constants  of  the  acetals  (II),  (III),  (VIII),  (XI), 
and  (XIV)  obtained  and  their  yields  are  given 
in  Table  1, 

Condensation  of  acetals  with  vinyl  ethers. 
Over  a  period  of  1  hr,  an  equimolecular  amount 
of  the  vinyl  ether  and  a  10*7:  solution  of  zinc 
chloride  in  ethyl  acetate  or  butyl  acetate  [85  ml 
per  mole  of  acetal  .and  in  the  case  of  acetal  (11), 
45  ml  per  mole  of  acetal]  were  added  dropwise 
with  stirring  to  the  acetal  (in  some  cases  a  three¬ 
fold  excess  of  acetal  was  used)  at  20-45*,  while 
the  temperature  of  the  mixture  was  kept  strictly 
within  the  given  original  range.  The  reaction 
mixture  was  then  kept  at  this  temperature  for 
a  further  hour,  cooled  to  room  temperature,  di¬ 
luted  with  ether,  and  treated  with  dilute  sodium 
hydroxide.  The  precipitate  was  removed  and 
the  ether  layer  dried  over  potassium  carbonate 
and  vacuum  distilled.  The  ratios  of  die  com- 
poiients,  the  reaction  temperatures,  and  the  con¬ 
stants  of  the  ether  acetals  (IV),  (V),  (VI),  (K), 
(Xn),  and  (XV)  synthesized  and  their  yields 
are  given  in  Table  2. 
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Hydrolysis  of  ether  acetals  to  aldehydes.  The  ether  acetals  were  hydrolyzed  under  standard  conditions  with 
identical  ratios  of  reagents,  A  mixture  of  73.0  g  (0,27  mole)  of  the  ether  acetal  (IV),  23,4  g  of  sodium  acetate, 
and  247  ml  of  95^^  acetic  acid  was  stirred  for  4  hr  at  95-1 00'*  In  a  stream  of  nitrogen  in  the  presence  of  hydro- 
qulnone.  The  reaction  mixture  was  cooled  and  diluted  with  600  ml  of  water.and  the  dark  oil  liberated  was  ex¬ 
tracted  with  llgroln  (h,  p,  30-60*),  The  extract  was  washed  with  water,  4^0  sodium  bicarbonate  solution,  and 
again  with  water  and  dried  with  sodium  sulfate.  Distillation  In  a  stream  of  nitrogen  yielded  25,7  g  of  a  colorless 
liquid  with  b,  p,  89-93*  (3  mm),  n*®D  1,500,  which  was  a  mixture  of  isomeric  Cjo  aldehydes  (VII), 

Aldehyde  (XVI),  To  7,5  g  of  the  unsaturated  etlier  acetal  (XIV)  were  added  15,6  ml  of  95^  acetic  acid 
and  0,15  g  of  sodiuui  acetate  and  the  mixture  stirred  at  85-90*  in  a  nitrogen  atmosphere  for  2  hr.  After  the 
normal  treatment,  the  llgroln  extract  was  treated  with  an  alcohol  solution  of  3  g  of  2,4-dinitrophenylhydrazlne 
hydrochloride.  Four  recrystallizations  of  the  precipitate  from  acetone  yielded  2,9  g  of  the  2,4-dinitrophenyl- 
hydrazone  of  tlie  aldehyde  (XVI). 

The  constants  of  the  aldehydes  (VII),  (X),  (XIII),  and  (XVI)  synthesized  and  their  derivatives  are  given  in 
Table  3. 

Preparation  of  aldehydes  (X)  and  (XIII)  by  the  single-stage  method  (typical  procedure).  Over  a  period  of 
1  hr,  10  ml  of  vinyl  ethyl  ether  and  10  ml  of  a  10*^  solution  of  zinc  chloride  in  ethyl  acetate  wereaddedto  30  g 
of  undistillcd  acetal  (VIII)  at  40-45*.  Stirring  was  continued  for  a  further  2  hr  at  tills  temperature, and  then  85  ml 
of  95^  acetic  acid  and  8,0  g  of  sodium  acetate  were  added,and  the  mixture  was  heated  at  90-95*  In  a  stream 
of  nitrogen  for  3  hr.  Normal  treatment  and  vacuum  distillation  yielded  ~  10-12  g  of  the  aldehyde  (X)  with  b,  p, 
120-123*  (3  mm).  n*®D  1,5584. 

SUMMARY 

1,  It  was  shown  that  acetals  of  4-methyl-  A*-tetrahydrobenzaldehyde  condense  with  vinyl  ethers  to  yield 
12.6  to  19,57c  of  primary  condensation  products,  Aceuls  of  aldehydes  with  conjugated  double  bonds  in  the  a,  fl- 
posltlon  in  tlic  side  chain  undergo  this  condensation  much  more  readily, and  the  yield  of  the  main  reaction  prod¬ 
ucts  Is  increased  to  80-8573. 

2,  The  condensation  of  the  diethyl  and  dibutyl  acetals  of  4-methyl -A* -tetrahydrobenzaldehyde  and  also 
3-(4*-methylcyclohexen-3’-yl)-l,l-dieihoxy-2-propene,  5-(4'-methylcyclohexen-3*-yl)-l,l-diethoxy-2,4- 
pentadiene.  and  7-(4*-methylcyclohexen-3*-yl)-l,l-diethoxy-2,4,6-heptatriene  with  vinyl  ethers  yielded  the 
corresponding  ether  acetals,  which,  by  boiling  with  acetic  acid,  were  converted  smoothly  into  unsaturated  al¬ 
dehydes:  3-(4*-methylcyclohexen-3*-yl)-2-propen-l-al,  5-(4*-methylcyclohexen-3’-yl)-2,4-pentadIen-l-al, 
7-(4*-methylcyclohexen-3*-yl)-2.4,6-heptatrien-l-al,  and  9-(4*-methylcycloiiexen-3*-yl)-2,4,6,8-nonatetraen- 
1-al, 

3,  Hydrolysis  of  3-(4*-methylcyclohexen-3*-yl)-l,l,3-triethoxy-  and  3-f4*-methylcyclohexen-3*-yl)- 
1,1,3-tributoxypropane  yielded  two  isomers,  cis-  and  trans-3-(4*-methylcyclohexen-3*-yl)-2-propen-l-al, 

4,  From  the  ultraviolet  absorption  spectra  of  the  2,4-dinitrophenylhydrazones  and  semicarbazones  of 
the  A^-cyclohexene  aldehydes  we  synthesized  it  was  established  that  all  the  double  bonds  in  the  side  chains 
were  conjugated  with  ±e  aldehyde  group, 
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Polyene  aldehydes  of  the  A*-cyclohexcne  series  were  synthesized  in  previous  work  f  1],  In  continuing  these 
investigations,  we  studied  ti»e  condensation  of  these  aldehydes  with  malonic  acid,  which  led  to  completely  un¬ 
known  polyene  acids  of  the  A* -cyclohexene  scries,  and  also  synthesized  the  corresponding  series  of  esters.  On 
the  basis  of  numerous  literature  data,  it  may  be  assumed  that  some  of  the  compounds  we  synthesized  will  liavc 
biological  activity. 


The  aldehydes  (I-IV)  were  condensed  with  malonic  acid  in  pyridine  in  the  presence  of  small  amounts  of 
piperidine  over  the  temperature  range  20-110*. 


!  I 

/  y 


riMcoon),  I  \  cn,N. 


n  r=0  (I), 
n  -  I  ( 1 1 ). 
n  =  2  (III). 
n  =  3  (IV). 


n  ^  1  (V). 
n  r:  2  (VI), 
n  =  3  (VII). 
(VIII) 

(CII^CII),COOCIl3 


./\/ 


n  =  1  (IX). 

"  =  2  (X). 
ti  =  3  (X  I). 
n  =  *  (XII). 


For  comparison  of  the  reactivity  of  aldehydes  containing  multiple  bonds  conjugated  with  the  carbonyl 
group,  the  above  condensation  was  carried  out  under  identical  conditions  with  all  the  aldehydes.  It  was  found 
that.as  in  the  condensation  of  the  o ,  0 -unsaturated  acetals  of  these  aldehydes  with  vinyl  ethers  [1],  the  pres¬ 
ence  of  multiple  bonds  conjugated  with  the  carbonyl  group  promoted  the  reaction.  Thus,  the  acid  (V)  was  ob¬ 
tained  in  IR'^  yield,  while  tlie  acid  (VI)  was  obtained  in  63*^  yield. 

The  starting  material  for  the  preparation  of  the  acid  (VI)  was  a  mixtrue  of  the  isomeric  aldehydes  (II)t 
whose  structure  we  established  In  previous  work  [1].  As  was  expeeted,  the  aeid  (VI)  was  obtained  in  two  f(xms, 
a  crystalline  and  a  liquid  one,  which  again  confirms  the  existence  of  cis  and  trans  fomis  of  the  aldehyde  (II). 
Structural  isomers  were  not  dctceted  in  the  synthesis  of  the  other  aeids. 

When  condensed  with  malonie  acid  under  analogous  conditions,  the  aldehydes  (III)  and  (IV)  gave  many 
tarry  products  and  very  low  yields  cf  the  acids  (VII)  and  (VIII),  Satisfactory  yields  of  these  acids  (56-70<)t)  were 
obtained  only  under  milder  condensation  conditions. 
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Fig.  1.  Uloavlolet  absorption  spec¬ 
tra  (In  alcohol).  1)  Acid  (VI);  2) 
acid  (VII);  3)  acid  (VIII). 


Fig.  2.  Ultraviolet  absorption  spec¬ 
tra  (In  alcohol).  1}  Ester  (X);  2) 
ester  (XI):  3)  ester  (XII). 


TABLE  1 


Substance 

^max 

(mp) 

i  •  10-* 

(  (VI) 

23  i 

3.2K 
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1  (Vlll 

2!>.S  1 

4.32 

320  ; 

fi.lO 

I  (X) 

26'# 

1.67 

Ester 

(XI) 

30'# 

1  2.S2 

1  (XII) 

33S 

1  .Viri 

1 

We  then  prepared  esters  of  the  acids  synthesized. 
From  literature  data  [2]  it  Is  known  that  it  is  difficult 
to  prepare  methyl  esters  by  the  action  of  dlazomethane 
on  unsaturated  acids  without  touching  the  double  bonds. 
However,  we  were  able  to  carry  out  this  reaction 
successfully  by  using  the  calculated  amount  of  diazo- 
meihane  and  reducing  the  temperature  of  the  reaction 
mixture  to  -10  to  0*;  all  the  acids  then  gave  the  cor¬ 
responding  methyl  esters  (IX -XII)  in  good  yield.  With 
the  exception  of  the  ester  (XII),  they  were  all  thick, 
yellowish  liquids  v/ith  a  weak  odor  and  a  specific  grav¬ 
ity  greater  than  1,  which  distilled  in  vacuum  without 
decomposition. 


The  acid  (VII)  and  its  methyl  ester  (XII)  are  analogs  of  vitamin  A  acid  and  ester. 


The  amides  were  prepared  for  characterization  of  the  acids  synthesized.  The  amides  (XIII)  and  (XIV)  were 
formed  by  the  action  of  thionyl  chloride  in  benzene  on  the  acids  (V)  and  (VI)  with  subsequent  treatment  with 
ammonia. 


Attempts  to  prepare  amides  of  the  acids  (VII)  and(VIII)  analogously  and  also  by  the  reaction  with  oxaiyl 
chloride  were  unsuccessful  as  the  2cids  resinlfied  during  the  preparation  of  the  acid  chlorides. 

We  plotted  the  uluaviolet  absorption  spectra  of  the  acids  and  esters  syntheslzed.and  the  data  are  given  in 
Table  1  and  Figs.  1  and  2.  Many  papers  have  been  devoted  to  the  study  of  ultraviolet  absorption  spectra  of  a 
polyene  chain  conjugated  with  a  carboxyl  group  [3].  Acids  containing  one  double  bond  conjugated  with  the 
carbonyl  group  are  known  to  absorb  in  the  region  of  205  m/i.  The  absorption  spectra  of  the  acids  (VI- VIII)  and 
also  their  methyl  esters  (X-XII)*  agreed  completely  with  the  literature  data  for  analogous  polyene  chains  [3], 
and  this  confirms  the  structure  of  the  compounds  synthesized.  The  ultraviolet  spectra  of  the  acid  (V)  and  its 
ester  (IX)  were  not  plotted. 


EXPERIMENTAL 

3-(4*-Methylcyclohexen-3*-yl)-acrylic  acid  (V).  Into  a  500-ml  round -bottomed  flask  fitted  with  a  reflux 
condenser  were  placed  45.6  g  of  malonic  acid  (dried  at  100*)  dissolved  In  96  ml  of  pyridine  (dried  over  potas- 
sium  hydroxide),  49.6  g  of  freshly  distilled  aldehyde  (I)  (b.  p,  72-73*  at  17  mm,  ii*®D  1.4738),  and  1  ml  of  an- 
*The  absorption  spectra  of  alcohol  solutions  were  plotted  on  an  SF-4  spectrophotometer. 
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TABLE  2 
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7Ij.(K).  79.15 

3..'’rf),  8..57 

C17II22O2 
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8..50 

hydrous  piperidine.  The  mixture  was  heated  at  40-50*  for  3  hr,  and  then  the  bath  temperature  was  gradually 
raised  to  100*  at  a  rate  such  that  the  evolution  of  carbon  dioxide  was  not  too  vigorous.  The  contents  of  the  flask  • 
were  then  cooled  to  room  temperature  and  poured  into  a  1 -liter  flask  containing  70  ml  of  concentrated  hydro¬ 
chloric  acid  in  210  ml  of  water.  The  precipitated  acid  was  collected  and  washed  with  several  portions  of  very 
dilute  acid.  Three  recrystallizations  from  a  mixture  of  ethanol  and  water  (4: 1)  yielded  10  g  of  3-(4'-methyl- 
cyclohexen-3'-yl)-acrylic  acid  (V)  with  m.  p.  108.5-109.5*. 

Amide  of  3-(4*-mcthylcyclohexen-3*-yl)-acrylic  acid  (XIII).  A  mixture  of  1.0  g  of  the  acid  (V)  in  20  ml 
of  anhydrous  benzene  and  4  ml  of  SOCI2  was  boiled  for  1  hr.  After  removal  of  the  excess  SC)Cl2  in  vacuum,  the 
unpurlflcd  acid  chloride  was  converted  into  the  amide  by  treatment  with  25%  ammonia  solution.  We  obtained 
0.7  g  of  the  amide  (XIII)  with  m.  p.  1G4.5-165.6*  (in  a  sealed  capillary)  (from  aqueous  ethanol,  1;4), 

Methyl  3-(4*-methyIcyclohexen-3*-yl) -acrylate  (IX).  To  a  solution  of  5  g  of  the  crystalline  acid  (V)  in 
20  ml  of  absolute  ether  at -10  to  0*  was  added  300  ml  of  a  dry  ether  solution  of  diazomethane  obtained  from 
7.5  g  of  niuosomethylurea  and  34  ml  of  507c  potassium  hydroxide  and  the  mixture  left  overnight.  Decomposi¬ 
tion  of  the  unreacied  diazomethane  with  water  and  vacuum  distillation  yielded  4.8  of  the  almost  colorless  ester 
(K). 

B.  p.  94*  (2  mm),  n^°D  1.4930,  S\  1.0054.  MR  51,52;  calc.  52.13. 

5-(4*-Methylcyclohexen-3*-yl)-2,4-pentadienoic  acid  (VI).  By  the  above  procedure,  from  23  g  of  the 
freslily  distilled  aldehyde  (II)  [b.  p.  85-86*  (2  mm),  i?^D~ 1.5058]  and  17  g  of  malonic  acid  in  36  ml  of  pyridine 
we  obtained  21.8  g  of  the  acid  (VI)  with  m.  p.  128-134*  and  also  5  g  of  a  liquid  acid,  which  crystallized  when 
kept  for  a  long  period  and  was  identical  with  the  crystalline  acid  after  recrystallization.  Three  recrystallization? 
from  aqueous  ethanol  (1:  4)  yielded  a  total  of  20.8  g  of  the  acid  (VI)  with  m,  p,  136-138*. 

The  amide  of  the  acid  (XIV),  which  was  obtained  by  the  procedure  described  above,  melted  at  198.5- 
200.5*  (in  a  sealed  capillary)  (from  ethanol). 

Methyl  5-(4*-methylcyclohexen-3*-yl)-2,4-p)entadieno3te  (X).  Treatment  of  3.0  g  of  the  acid  (VI)  with 
the  calculated  amount  of  diazomethane  as  described  above  gave  2.5  g  of  methyl  5-(4*-methylcyclohexen-3*-yl)- 
2,4-pentadienoate  (X),  which  was  yellow, 

B.  p.  140-141*  (5  mm).  n?®D  1.5220,  d*®4  1.0337,  MRp  60.85;  calc,  60.29. 

7-(4*-Methylcyclohexen-3*-yl)-2.4,6-heptatrienoic  acid  (VII).  To  a  solution  of  10  g  of  dried  malonic 
acid  in  24  ml  of  anhydrous  pyridine  was  added  10  g  of  freshly  distilled  aldehyde  (ni)[b.  p.  110-114*  (0.2  mm)] 
and  the  mixture  left  for  3  days  with  protection  from  moisture.  Then  6  drops  of  anhydrous  piperidine  was  added 
and  the  mixture  heated  on  a  boiling  water  bath  for  6  hr  and  finally  at  120*  for  0.5  hr.  The  normal  treatment 
yielded  7  g  of  the  acid  (Vll)  with  m.  p.  143-154*.  Four  recrystallizations  from  aqueous  alcohol  (1:4)  yielded 
6  g.of  the  acid  (VII)  with  m.  p.  160-162.5*  (in  a  sealed  capillary). 

Methyl  7-(4'-methylcyclohexen-3*-yl)-2,4,6-heptatrienoate  (XI).  By  the  pxocedure  described  above, 
from  3  g  of  the  acid  (VII)  and  diazomethane  we  obtained  3.2  g  of  a  product,  which  could  not  be  distilled  be¬ 
cause  of  strong  frothing  due  to  the  presence  of  tarry  impurities.  For  Isolation  of  the  pure  ester  (XI),  a  solution 
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of  the  unpurifled  product  in  llgroin  (b.  p.  30-60*)  was  passed  through  a  chromatography  column  of  AltQ}.  The 
methyl  ester  (XI)  was  eluted  with  ligroin  first.  Vacuum  distillation  yielded  2.S  g  of  yellow  methyl  ester. 

B.  p.  185- 1H6*  (3  mm).  1.5530,  d*®^  1.0811.  MR^  68.30;  calc.  69.06. 

9-(4*-Methylcyclohexen-3*-yl)-2.4,6.8-nonatetraenoic  acid  (Vlll).  A  mixture  of  5  g  of  malonic  acid  in 
11  ml  of  anhydrous  pyridine  and  9  g  of  frcsitly  distilled  aldehyde  (IV)  (b.  p.  137-140*  (0.2  mm),  n*®D  1.6260] 
was  kept  at  room  temperature  for  3  days  and  tlien  heated  gradually  as  described  above  for  the  removal  of  COj. 
The  normal  treatment  yielded  7.6  g  of  the  acid  (VIII)  with  m.  p.  164-172*.  Four  recrystallizations  from  aqueout 
alcohol  (1;  4)  yielded  6.8  g  of  the  acid  (VIII)  with  m.  p.  173-176*  (in  a  sealed  capillary). 

Methyl  9-(4*-methylcyclohexen-3*-yl)-2,4.6.8-nonatrienoate  (XII).  By  the  above  procedure,  from  1  g  of 
the  acid  (VIII)  and  diazomethane  we  obtained  0,6  g  of  the  methyl  ester  (XII)  with  m.  p.  83-86*  (from  ethanol). 

The  analysis  results  for  the  substances  obtained  are  given  in  Table  2. 

SUMMARY 

1,  The  condensation  of  A®-cyclohexene  polyene  aldehydes  with  malonie  acid  was  studied.  It  was  shown 
that  the  condensation  was  facilitated  by  an  increase  in  the  number  of  unsatuiated  bonds  in  the  side  ehain  con¬ 
jugated  with  the  aldehyde  group. 

2,  A  series  of  unsaturated  acids  of  the  A®-cyclohexene  series  was  synthesized. 

3,  It  was  shown  that  the  methyl  esters  of  the  unsaturated  acids  could  be  obtained  without  touching  the 
double  bonds  by  the  action  of  the  calculated  amount  of  diazomethane  at  low  temperatures. 
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November,  1960 

Original  article  submitted  December  19,  1959 


Acridine  compounds  are  used  widely  in  technology,  medicine,  and  laboratory  practice  as  dyes,  antioxi¬ 
dants,  anticorrosion  agents,  fluorescent  indicators,  drugs,  etc. 

We  introduced  a  vinyl  group  into  the  acridine  ring  [1],  This  made  it  possible  to  prepare  a  whole  series  of 
new  acridine  compounds  capable  of  giving  copolymers  of  high  molecular  weight  with  styrene,  butadiene,  Iso- 
prene,  etc.  [2-4]. 

In  the  present  work,  a  description  is  given  of  the  conversion  of  10-vinylacridonc  and  3-chloro-7-methoxy- 
10-vinylacrldone  into  dichlorophosphates  and  chlorosulfiies  by  the  action  of  phosphorus  oxychloride  and  thionyl 
chloride,  respectively,  and  the  reactions  of  the  9-chloroacridinium  salts  obtained  with  amines. 

The  9-chloroacridinlum  salts  (I)  and  (H)  have  very  labile  chlorine  atoms.  When  treated  with  water,  they 
formed  the  corresponding acridones,  and  when  treated  with  ammonia  or  primary  amines,  they  formed  9-imino- 
acridans  (III).  The  latter  were  readily  crystallizable  compounds  with  basic  properties.  In  most  cases  their  salts 
were  unstable  and  readily  hydrolyzed  in  aqueous  solutions. 

The  free  bases  were  capable  of  copolymerization  with  styrene  and  1,3-dienes. 
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EXPERIME  NTAL 

9-Chloro-lO-vinylacridinium  dichlorophosphate  (la).  A  mixture  of  20.3  g  of  10-vinylacrldone,  100  ml 
of  anhydrous  dichloroe thane,  and  13.4  ml  of  phosphorus  oxychloride  was  boiled  gently  for  2  hr.  The  cooled 
*  Deceased. 
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reaction  mixture  was  poured  Into  500  ml  of  absolute  ether.  The  precipitated  yellow  crystals  were  collected, 
washed  with  ether  on  the  filter,  and  dried  in  a  vacuum  desiccator.  The  yield  was  28  g  (81,6‘5fe),  The  m,  p,  was 
~190*  (decomp,).  Aqueous  solutions  of  compound  (la)  had  a  yellow  color  and  a  green-violet  fluorescence.  On 
standing,  these  solutions  deposited  10-vinylacrIdone  quite  rapidly. 

Found  Cl*  28.26.  C^sHuOjNPClj.  Calculated  Cl  27.90. 

9-Chloro-lO-vinylacridinium  chlorosulfite  (Ila).  A  solution  of  22  g  of  10-vInylacrIdone  in  100  ml  of  an¬ 
hydrous  dichloroethane  was  heated  until  it  boiled  gently,  and  then  17,7  g  of  thionyl  chloride  was  added  in  small 
portions  from  a  funnel  tlirough  the  reflux  condenser.  The  mixture  was  boiled  gently  for  2  hr.  The  reaction  mix¬ 
ture  was  then  cooled  to  room  temperature  and  the  crystals  collected,  washed  with  absolute  ether  on  the  filter, 
and  dried  In  a  vacuum  desiccator.  We  obtained  20  g  ( 58.87c)  of  a  substance  with  m.  p,  188*  (decomp.).  The 
substance  dissolved  in  water  to  form  a  yellow  solution  with  a  violet  fluorescence,  which  very  rapidly  (instan¬ 
taneously  on  heating)  deposited  10-vinylacridone. 

Found  <1ci  Cl  20.45;  S  9.43.  CisHnOjNSClj.  Calculated  7c:  Cl  20.85;  S  9,42, 

3.9- Dichloro-7-methoxy-10-vlnyiacridinium  dichlorophosphate  (!b).  To  a  gently  boiling  solution  of  28  g 
of  3-chloro-7-mcthoxy-10-vinylacridone  in  400  ml  of  anhydrous  dicliloroethane  was  added  13  g  of  phosphorus 
oxychloride.  The  mixture  was  boiled  gently  for  1.5  lir,and  orange  crystals  of  (Ib)  separated.  After  the  reaction 
mixture  had  been  cooled  to  room  temperature,  the  crystals  were  collected,  washed  on  the  filter  with  absolute 
ether,  and  dried  in  a  vacuum  desiccator.  The  yield  was  2C  g  (68,27;).  The  m.  p.  was  196*  (decomp.).  On  stand¬ 
ing,  aqueous  solutions  of  the  substance  deposited  3-chloro-7-methoxy-10-vinylacridone. 

Found  7c:  Cl  32.00.  CigHuOaNPCl^.  Calculated  7:  Cl  32.31. 

3.9- Diciiloro-7-niethoxy-10-vinylacridinium  chlorosulfite  (lib).  By  the  method  given  for  (la),  from  28  g 
of  3-chloro-7-mcihoxy-10-vinylacridonc  in  400  ml  of  anhydrous  dichloroethane  and  17.7  g  of  thionyl  chloride 
we  obtained  20  g  (50'’/c)  of  a  product  with  m.  p.  193*  (decomp.).  Aqueous  solutions  of  the  substance  had  a  green 
fluorescence.  On  standing,  the  solution  deposited  the  corresponding  acridone. 

Found  7c:  Cl  26.80;  S  7.75.  CicH^OaNSClj.  Calculated  7::  Cl  26.29;  S  7.92. 

9-Imino-lO-vinylacridan  (Ilia).  A  37.4-g  sample  of  the  9-dichlorophosphate  (la)  (or  the  corresponding 
amount  of  the  chlorosulfite,  though  the  yield  of  the  final  product  was  better  with  the  dichlorophosphate)  was 
dissolved  in  500  ml  of  water.  The  solution  was  filtered  rapidly  and  excess  57:  aqueous  ammonia  solution  added. 
Fine  red  crystals  tlicn  separated, and  these  were  coagulated  by  heating  the  reaction  mixture.  The  precipitate 
was  collected,  washed  with  water  on  the  filter,  dried,  and  rccrystalllzed  from  aqueous  alcohol.  The  yield  was 
15  g  (68. 17c).  The  m.  p,  was  168-169*.  The  coarse  red  crystals  were  readily  soluble  in  dichloroethane,  alcohol, 
dioxane,  hot  benzene,  and  other  organic  solvents. 

Found  7o:  N  12.56.  CjsHuNj.  Calculated  7c:  N  12.73. 

Mixing  alcohol  solutions  of  9-imino-lO-vinylacridan  and  picric  acid  precipitated  brick  red  crystals  of  the 
picrate  with  m.  p.  212*. 

9-rhenylimino-lO-vinylacridan  (  mb).  Mixing  a  solution  of  37.4  g  of  dichlorophosphate  (la)  In  500  ml 
of  water  and  200  ml  of  an  8'’^  aqueous  alcohol  solution  of  aniline  precipitated  light  orange  leaflets  of  9-phcnyl- 
imino-lO-vinylacridan.  The  yield  was  23  g  (77.47c).  The  m,  p,  was  148-149*  (from  alcohol).  The  substance 
was  soluble  in  alcohol,  ether,  benzene,  and  other  organic  solvents. 

Found  <%:  N  9.48.  C21H15N2.  Calculated  7=:  N  9,46, 

The  picrate  formed  red  crystals  with  m,  p.  190-193*. 

9-p-Methoxyphenylimino-10-vinyl3cridan  (IIIc).  By  the  method  described  In  the  previous  section,  from 
37.4  g  of  the  dichlorophosphate  (la)  in  500  ml  of  water  and  150  ml  of  a  157:  alcohol  solution  of  p-anisldlne  we 
obtained  17,1  g  (607=)  of  the  substance.  It  formed  orange  crystals  (from  alcohol  +  ether). 

Found  7::  N  8.22.  CjjHi.ONj.  Calculated  N  8.55. 

*The  total  chlorine  content  was  determined  by  the  method  described  in  previous  work  [2,  3]. 
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3-Chloro-7-nicthoxy-10-vinyl-9-imlnoacrldan  (Hid).  From  43.8  g  of  the  dichlorophosphate  (Ib)  In  600ml 
of  water  and  a  15^  aqueous  solution  of  ammonia  we  obtained  25  g  (S8°lo)  of  the  substance  as  bright  red  crystals 
with  m,  p.  199-200*  (from  alcohol  +  ether).  The  substance  was  readily  soluble  in  alcohol,  acetone,  and  benzene 
and  less  soluble  in  dictiloroc thane  and  chloroform. 

If  an  aqueous  solution  of  the  acridinium  salt  was  added  to  excess  of  a  25*^  ammonia  solution  the  imlno- 
acridan  precipitated  as  yellow  crystals  with  the  same  melting  point. 

Found  <70:  N  9.30.  CjelliaONjCl.  Calculated  N  9.62. 

The  picrate  had  m.  p,  251-252*, 

3-Chloro-7-methoxy-9-phenylimino-10-vinylacridan  (Ille).  From  43,8  g  of  the  dichlorophosphate  (Ib) 
in  500  ml  of  water  and  18  g  of  aniline  In  1000  ml  of  aqueous  alcohol  we  obtained  28  g  (77,7‘7o)  of  the  compound 
(IITe)  as  orange-red  crystals  with  m,  p.  145-146*  (from  alcohol  +  ether).  Solutions  of  tlie  acridan  (Ille)  in  ether 
were  ycllow.and  in  benzene,  chloroform,  and  dichloroethane,  red. 

Found  <%:  N  7.77.  C22H17ON2CI.  Calculated  N  7.77. 

The  picrate  formed  orange-red  crystals  with  m,  p.  183-184*. 

3-Chloro-7-methoxy-9-p-methoxyphcnylimino-10-vinylacridan  (IIlO.  From  a  mixture  of  43,8  g  of  the 
dichlorophosphate  (Ib)  in  500  ml  of  water  and  24,6  g  of  p~anisldine  in  300  ml  of  alcohol,  which  was  heated  for 
30  min,  we  obtained  22  g  of  the  acridan  (Ille)  as  brown  crystals  with  m.  p.  132-133*  (from  ether).  The 

substance  was  soluble  in  alcohol,  chloroform,  ether,  and  benzene. 

Found  ‘7c;  N  7.24,  C23H19O2N2CI.  Calculated  *7o;  N  7,17, 

The  picrate  fonricd  yellow  crystals  with  m,  p.  150*. 

SUMMARY 

1,  The  action  of  phosphorus  oxychloride  and  thionyl  chloride  on  10-vinylacridones  yielded  9-chloro-iO- 
vinylacridinium  and  3,9-dlchloro-7-methoxy-10-vinylacridinium  dichlorophosphates  and  chlorosulfites. 

2.  It  was  shown  that  treatment  of  9-chloro-lO-vinylacridinium  dichlorophosphates  and  chlorosulfites  with 
ammonia  and  amines  gives  9-imino-lO-vinylacridan  and  its  derivatives. 
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Steric  hindrance  in  quaternary  salts  of  2-aryl  derivatives  of  nitrogen  heterocyclic  compounds  was  con¬ 
sidered  in  previous  articles  [1,  2],  As  a  result  of  disruption  of  the  coplanarity  of  the  nuclei,  the  quaternary  salts 
absorb  less  intensely  and  at  shorter  wavelengths  than  the  corresponding  sulfates. 


In  the  present  work  we  studied  the  light  absorption  of  alcohol  solutions  of  2-a-naphthylbenzthiazole  (I), 
2-fl-naphthylbenzihiazole  (II),  and  2-(9*-anthryl)-benzthiazole  (HI), 


/' 


(1) 


//'ll!  N 


I  n 

(«i) 


^  '  I  I  >-<_> 

(HI) 


r_/”\ 


and  also  the  light  absorption  of  their  sulfates  and  methiodides  or  methoperchlorates.  It  might  have  been  ex¬ 
pected  that  the  steric  hindrance  would  increase  from  compound  (I)  to  (III),  and  in  the  molecules  of  compounds 

(II)  and  (III)  the  nuclei  would  he  noncoplanar  not  only  in  the  quaternary  salts,  but  also  in  the  sulfates  and  possi¬ 
bly  in  the  free  bases.  A  study  of  the  absorption  spectra  confirmed  these  hypotheses. 

With  respect  to  the  steric  interaction  of  the  naphthalene  and  thiazole  nuclei,  the  molecule  of  2-fl-naph- 
thylbenztliiazole  docs  not  differ  substantially  from  the  molecule  of  2-phenylbenzthiazole.  Therefore,  as  in  the 
case  of  2-phcnylbenzihiazole  and  its  salts  [2],  as  a  result  of  disruption  of  the  coplanarity  of  the  aryl  and  thia¬ 
zole  rings,  the  absorption  band  of  2-B-naphthylbenzthiazoIe  methiodide  (Ib)  is  less  intense  and  hypsochromic- 
ally  displaced  in  comparison  with  the  absorption  bands  of  the  sulfate  (la),  in  whose  molecule  the  nuclei  are 
roplanar.  The  free  base  (I)  differs  little  from  the  sulfate  as  regards  absorption  intensity  (Fig.  1). 

Completely  different  relations  are  observed  on  the  absorption  curves  of  2-a-naphthylbenzthiazole  (II)# 
its  sulfate  flla),  and  its  methiodide  (Ilb)  (Fig.  2). 

All  three  bands  lie  almost  parallel  and  their  intensities  are  low.  This  means  that  the  coplanarity  of  the 
nuclei  is  disrupted  both  in  the  molecules  of  the  quaternary  salt  and  sulfate  and  in  the  molecule  of  the  free  base. 
This  may  be  observed  even  more  clearly  in  Fig.  3,  which  shows  absorption  curves  of  2-(9*-anthryl)-benzthiazole 

(III)  and  its  salts,  the  sulfate  (Ilia)  and  the  methoperchl orate  (Illb).  Here  the  absorption  curves  of  the  two  salts 
merge  almost  completely.  The  absorption  curve  of  the  free  base  differs  from  them  only  in  a  more  strongly 
expressed  fine  structure,  which  is  inappreciable  with  the  salts  because  of  solvation,  and  somewhat  less  intense 
absorption  in  the  region  of  270-300  mp. 

Despite  the  very  strong  disruption  of  coplanarity,  there  is  still  some  conjugation  between  the  anthracene 
and  benzthiazole  nuclei.  As  Fig.  4  shows,  the  absorption  curves  of  2-{9*-anihryl)-benzthiazoie  (HI)  and  an 
equimolecular  mixture  of  anthracene  and  2-methylbenzthiazole  (HIc)  almost  coincide  in  intensity,  but  the 
absorption  maxima  of  the  first  curve  are  appreciably  displaced  bathochromically. 
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Xmji 

Fig.  1.  Absorption  spectra  of  alcohol  solu¬ 
tions;  I)  2-fl-naphthylbenzthiazolc;  la)  2- 
B-naphthylbenzthiazole  sulfate;  Ib)  2-fl- 
naphthylbenzihiazole  methiodide. 


Xmjt 

Fig.  2.  Absorption  spectra  of  alcohol  solu* 
tions;  II)  2-a-naphthylbenzthiazole;  Ha) 

2-a  -naphthylbenzthiazole  sulfate;  nb)  2- 
a  “P.aphthylbenzthiazole  methiodide. 

Among  the  derivatives  of  2-phenylbenzimida- 
zole,  there  is  the  simple  possibility  of  holding  the 
phenyl  group  in  the  plane  of  the  imidazole  by  means 
of  a  carbonyl  group.  The  absorption  curves  of  the  sul¬ 
fate  (IVa)  and  methoperchlorate  (IVb)  of  o-benzoyl- 
ene-2,l-benzimidazole  (IV), 
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in  contrast  to  the  corresponding  salts  of  2-arylbenz- 
imidazoles  [2],  differ  very  little,  as  is  shown  by  Fig.  5. 

EXPERIMENTAL* 

2-B -Naphthylbenzthiazole.  A  mixture  of  1.3  g 
of  o-amlnothiophenol  and  2  g  of  6-naphthoyl  chloride 
[3]  was  heated  carefully  until  a  vigorous  reaction  be¬ 
gan.  The  tube  was  cooled  and  then  heated  again  for 
a  few  minutes  in  a  metal  block  at  160*  to  remove  water 
vapor  and  hydrogen  chloride.  The  cooled  product  was 
ground  with  sodium  hydroxide,  dried,  and  recrystallized 
from  methanol  (50  ml).  The  pale  yellow  platelets  had  m.  p.  129.5*.  The  yield  was  0.8  g.  About  another  gram 
of  crude  material  was  isolated  from  the  mother  solution. 


Fig.  3.  Absorption  spectra  of  alcohol  solu¬ 
tions;  Hi)  2-(9’-anthryl)-benzthiazole;  Ilia) 
2-(9*-anthryl)-benzthiazole  sulfate;  II!b) 
2-(9*-anthryl)-benzthiazole  methoperchlo¬ 
rate. 


^m*ax  324  (2.52),  282  (2.44),  271  (2.34),  258  (2.10)  m/i;  290  (1.36),  275  (2.10),  265  (1.98),  246 

(2.00)  m/i. 

Found  ’’Jcz  N  5.47,  5.33.  C^^HijNS.  Calculated  N  5.36. 

Sulfate:  342  (2.40),  288  (1.46),  279  (2.40),  260  (2.00)  mp;  301  (0.82),  283  (1.36),  275  (1.32), 

246  (1.40)  mp. 


•  The  melting  point  are  corrected. 

•  *  The  molecular  extinctions  x  lo”*  are  given  in  parentheses.  All  spectral  measurements  were  made  on  a  SF-4 
spectrophotometer. 
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The  methiodide  was  obtained  by  licating  a  mix¬ 
ture  of  the  base  and  dimethyl  sulfate  on  a  water  bath 
for  45  min  and  precipitation  with  potassium  iodide  from 
an  aqueous  solution  of  the  salt  obtained.  Recrystalliza- 
tion  from  methanol  gave  light  yellow  platelets  with 
m.  p.  203-203.5*  (decomp.).  319  (1.10).  285 

(1.44),  255  (1.62)  m/i;  297  (1.06).  271  (1.22). 

245  (1.40)  m/i. 

Found  7c:  I  31.28.  31.45.  Ci,Hi4NSI.  Calcu¬ 
lated  7::  I  31.51. 


Fig.  4.  Absorption  spectra  of  alcohol  solu¬ 
tions:  III)  2-(9*-anthryl)-benzthIazole;  IIIc) 
equimolecular  mixture  of  anthracene  and 
2-methylbenzthiazole. 


\mjt 

Fig.  5.  Absorption  curves  of 
alcohol  solutions-  IVa)  o- 
bcnzoylene-2,1 -benzimida¬ 
zole  sulfate;  IVb)  o-benzoyl- 
ene-2,l-benzimidazole  per¬ 
chlorate. 


2 -g  -Naphthylbenzthiazole.  A  5-g  sample  of 
o-aminothiophenol  was  mixed  with  6.5  g  of  a-naph- 
thoaldehyde  [4].  Heat  was  evolved  during  mixing  and 
a  solid  was  formed  on  cooling.  The  mixture  was  heated  at 
150*  for  —1  hr  until  the  evolution  of  water  ceased.  A 
light  yellow  semisolid  mass  was  obtained.  The  sub¬ 
stance  was  recrystallized  from  alcohol  (100  ml).  We 
obtained  4  g  of  platelets  with  m.  p.  127*. 

(0.46).  225  (3.80)  mP;  X^^jn  256  (0.37)  mp. 

Found  7c:  N  5.57.  5.42.  Cj7HuNS.  Calculated 
7i:  N  5.36. 

Sulfate:  X^-„  320  (0.34).  284  (0.33).  240  (0.88), 

215(27uri^|.. 

The  methiodide  was  obtained  by  heating  a  mix¬ 
ture  of  the  base  and  dimethyl  sulfate  in  a  sealed  tube 
on  a  water  bath  for  3  hr.  The  aqueous  solution  of  the 
salt  obtained  was  treated  with  ether  and  the  product 
precipitated  with  potassium  iodide.  After  tecrystalllza- 
fion  from  alcohol,  the  light  yel'ow  crystals  had  m.  p. 
204.5*  (dcccmp.).  X^gx  281  (0.52).  225  (12.30)  mp; 
^mii’  257  (0.38)  m/i. 

Found  7^;  I  31.33,  31.42.  CjjHuNSL  Calcu¬ 
lated  7c:  131.51. 


2-(9'-Anthryl)-benzthiazole.  A  mixture  of  0.67  g  of  o-aminothiophenol  and  1.1  g  of  9-anthraldehyde  [5] 
was  heated  at  130-140*  for  ~1  hr  and  then  for  5  min  at  170*  until  the  water  had  been  removed  completely.  The 
product  was  recrystallized  from  ethyl  acetate.  The  dark  yellow  needles  had  m.  p.  212-213.5*;  the  yield  was  0.51  g 
(317).  ^max  387  (0.86),  368  (0.94),  255  (11.10)  m/i;  X^^in  378  (0.58),  315  (0.18)  mp. 

Found  7:  S  10.14,  10.30.  CjiH^NS.  Calculated  7:  S  10.29. 

Sulfate;  393  (0.66),  376  (0.66),  253  (9.60)  mp;  385  (  0.58)  mp. 

The  methoperchlorate  was  obtained  by  heating  a  mixture  of  0.35  g  of  the  base  and  0.25  g  of  dimethyl 
sulfate  on  a  water  bath  for  2  hr.  The  methoperchlorate  was  precipitated  from  an  aqueous  solution  of  the  sale 
obtained  with  sodium  perchlorate.  The  yield  of  crude  product  was  0.36  g.  After  recrystallization  from  meth¬ 
anol,  the  fine  crystals  had  decomp.  p.  276*.  Xq^^x  395  (0,72),  378  (0.74),  284  (I.IS),  253  (10.70)  mp; 

388  (0.64).  325  (0.26),  275  (1.10)  mp. 

Found  7:  Cl  8.18,  8.10.  C22H16O4NSCI.  Calculated  7:  Cl  8.34. 

o-Benzoylene-2.1 -benzimidazole  [6].  A  mixture  of  5.4  g  of  o-phenylenediamine  and  7.4  g  of  phthalic 
anhydride  was  licated  at  125-130*  until  the  evolution  of  water  vapor  ceased.  The  melt  was  ground  and  recrys¬ 
tallized  twice  from  &cetic  anhydride.  The  yellow  needles  had  m.  p.  210*  and  the  yield  was  4.5  g.  X^^j^x  338 
(0.60),  300  (0.83),  288  (0.83),  271  (4.20).  237  (2.60)  mp;  310  (0.33),  295  (0.66),  283  (0.70),  248  (1.66), 

216  (1.60)  mp. 
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Sulfate;  278  (1.14)  mp;  255  (0.48)  in;i. 

The  tnethoperchlorate  was  obtained  by  heating  a  mixture  of  1.1  g  of  the  base  and  0,7  g  of  dimethyl  sul¬ 
fate  at  120*  for  15-20  min.  The  melt  obtained  was  dissolved  in  water,  the  solution  filtered,  and  a  saturated 
solution  of  sodium  perchlorate  added  to  the  filtrate.  On  standing  for  a  day.  the  precipitated  oU  solidified.  The 
yield  was  0.7  g.  The  substance  was  recrystallized  from  nitrobenzene.  The  fine,  colorless  crystals  were  readily 
soluble  in  alcohol  and  acetone  and  had  m.  p,  178*.  278  (1.11).  272(1.04)  mp;  X^^jq  276  (1.00),  253 

(0.51)  mp. 

Found  N  8.51.  8.57.  CisHnOgNjCl.  Calculated  ‘jt:  N  8.37. 

SUMMARY 

The  absorption  spectra  of  alcohol  solutions  of  2-B-naphthylbenzthiazole,  2-a-naphthylbcnzthiazole, 
2-(9*-ar.thryl)-benzthiazole,  and  o-benzoylene-2,l-benzimidazolc  were  determined.  From  a  comparison  of 
the  absorption  cun'es  it  was  concluded  that  in  quaternary  salts  of  2-B-naphthyrDenzthiazole,  in  quaternary  and 
simple  salts  of  2-a-naphthylbenzthlazole  and  2-(9*-anihryl)-benzthiazolc.  and  also  in  the  molecules  them¬ 
selves  of  the  last  two  bases  the  nuclei  are  noncoplanar.  The  nuclei  are  held  in  one  plane  in  the  molecule  of 
o-benzoylene-2,l-benzimidazole.and  therefore  the  absorption  curves  of  its  methoperchlorate  and  sulfate  are 
very  similar. 

LITERATURE  CITED 

1.  A.  I.  Kiprianov  and  V.  A.  Shrubovich,  Zhur,  Obshchei  Khim.  26.  2891  (1956). 

2,  A,  I,  Kiprianov  and  V,  A.  Shrubovich,  Zhur.  Obshchei  Khim.  W,  1290  (1959). 

3,  Organic  Syntheses  [Russian  translation]  Vol,  3,  p,  329. 

4.  Oiganic  Syntheses  [Russian  translation]  Vol,  4,  p.  346, 

5,  Organic  Syntheses  [Russian  translation]  Vol.  3,  p.  74. 

6.  A,  Bistrzyeki  and  A,  Lecco,  Helv,  Chim,  Acta  427  (1921), 


All  abbreviations  of  periodicals  in  the  above  biblioRraphy  are  letter-by-lctter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  this  peri” 
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cover  English  translations  appears  at  the  back  of  this  issue. 
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REACTION  OF  BE  NZE  NE  S  UL  FO  N  Y  L  CHLORIDE  WITH  ALCOHOLS 
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Leningrad  Chemicopharmaceutical  Institute 

Translated  from  Zhumal  Obslichei  Khimli,  Vol,  30,  No.  11,  pp.  3750-3755, 
November,  1960 

Original  article  submitted  January  26,  1960 


Until  now,  investigators  studying  the  hydrolysis  and  alcoholysis  of  sulfonyl  chlorides  have  paid  most  atten¬ 
tion  to  the  relation  of  these  processes  to  the  structure  of  the  sulfonyl  chloride.  For  example,  the  relation  of  the 
reaction  rate  to  the  nature  of  the  substituents  in  the  nucleus  has  been  studied  among  derivatives  of  benzenesul- 
fonyl  chloride  [1],  However,  the  effect  of  the  structure  of  the  alcohol  on  alcoholysis  has  been  studied  superfici¬ 
ally  and  only  on  a  limited  number  of  examples  [2]  or  the  study  has  been  of  a  purely  quantitative  nature  for  prep¬ 
arative  purposes  [3], 

The  comparative  quantitative  characteristics  of  alcoholysis  of  sulfonyl  chlorides  by  alcohols  of  various 
structures  is  therefore  of  definite  interest.  Hydrolysis  and  alcoholysis  in  excess  water  or  alcohol  are  pseudomono- 
molecular  processes  [1,2],  With  equirr.olecular  amounts  of  water  and  sulfonyl  chloride,  the  hydrolysis  at  20  and 
40*  is  a  second  order  reaction  (Table  3),  while  alcoholysis  is  complicated  by  the  simultaneous  formation  of  alkyl 
cliloridcs  and  ethers  [3],  Hov/ever,  it  was  found  that  (under  conditions  where  the  process  Is  slow  and  the  degree 
of  reaction  is  low) at  0*  and  In  tlie  presence  of  a  sensitive  control.  It  Is  possible  to  follow  alcoholysis  without  the 
complication  of  other  processes.  In  this  case,  the  constants  can  be  calculated  for  any  order  because  of  the  low 
degree  of  conversion  occurring  over  a  relatively  long  time.  However,  there  are  no  grounds  for  doubting  that 
alcoholysis,  like  hydrolysis.  Is  a  second  order  rcaction.as  the  process  is  strictly  pseudomonomolecular  when  there 
is  excess  of  one  of  the  components.  The  rate  constants  of  alcoholysis,  calculated  for  a  second  order  process 
(Table  1),  decreased  regularly  with  an  increase  in  the  number  of  carbon  atoms  in  the  chain  of  normal  primary 
alcohols  from  methyl  to  nony!  alcohol.  A  decrease  in  the  constants  occurred  with  the  successive  replacement 
of  hydrogens  of  the  methyl  groups  of  ethanol  and  methanol  by  phenyl  and  p-nitrophenyl  groups. 

The  observed  changes  in  the  rate  constants  of  benzenesulfonyl  chloride  alcoholysis  by  various  alcohols 
and  plienols  appear  to  be  a  rule  and  are  apparently  caused  by  the  different  nucleophilic ity  of  the  oxygen  of  the 
hydroxyl  group,  which  may  indicate  a  nucleophilic  mechanism  for  the  replacement  of  chlorine  at  the  sulfur  in 
a  sulfonyl  chloride  (6)42). 
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The  relatively  high  reactivity  of  p-chlorophenol,  which  is  close  to  that  of  ethanol,  is  apparently  caused 
by  the  positive  tautomeric  effect  (-^T)  of  chlorine,  which  produces  quite  a  high  electron  density  at  the  oxygen 
at  the  moment  of  reaction. 

As  regards  nucleophilic  properties,  the  different  nitro  derivatives  of  phenol  should  lie  in  an  order  that  is 
the  reverse  of  the  order  d  their  acidity  (Table  2). 
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TABLE  1 


Water,  alcohol,  or  phenol 


11,0 . . 

CM, Oil  .... 
C,jir,0!i  .... 
n‘-C4llnOII  .  . 
n-CsIljiOII  .  . 
n  Call, ..Oil  .  . 
r,jir,r,Hjr.H20ii 
QllsCHjOH  .  . 
p^NOoQII.ClIjOII 
4-ChIorophenol . 
Phenol  .... 
2-Nitrophenol  • 
4-Nitrophenol  • 

2 ,4-  Dinitrophenol 


X 

Relative 

reactivity 

lAiA  -X) 

6.45 . 10-« 

1.2200 

5.25  .  \0-* 

1.0000 

1.62 . 10-« 

0.3120 

6.54  -  10-’ 

0.1250 

6.03 . 10-7 

0.1150 

3.72  .  10-7 

0.0708 

3.24  .  10-7 

0.0630 

1.91  .  10-7 

0.0364 

5.55  •  10-8 

0.0106 

1.25 . 10-» 

0.2380 

3.34 . 10-7 

0.0636 

1.32  .  10-7 

0.0251 

9.75  .  10-8 

0.0186 

6.57 . 10-8 

0.0125 

TABLE  2 


Acid 


pK  (electrolytic 
dissociation) 


2,4-Dinitrophenol 

4-Nitrophenol 

2-Nitrophenol 

Phenol 


3.96 

7.15 

7.17 

9.89 


TABLE  3 

Hydrolysis  of  Benzenesulfonyl  Chloride 


2ii® 

<0® 

Time 

(min) 

R  (ohm) 

mole 

K,  •  10* 

R  (ohm) 

mole 

Kt  •  1(>* 

0 

0 

0 

0 

0 

0 

0 

15 

4<K)0 

0.0.33 

2.2S 

.5fa)o 

o.n.so 

6.30 

.30 

:uioo 

o.o:>o 

2.1.3 

4000 

0.1.'‘)0 

6.47 

45 

.3(K)0 

0.0  S9 

2.16 

321 K) 

0.185 

6.18 

75 

2<i(N) 

0.140 

2.25 

2S()0 

0.2<M) 

6.82 

105 

1200 

O.KK) 

2.24 

2300 

0.310 

6.20 

135 

KMX) 

0.230 

2.21 

20(N) 

0..3."M) 

6.13 

195 

.SO) 

0.21M) 

2.10 

l.'^^M* 

0.420 

6.42 

2H.5 

G'lO 

0..370 

2.05 

lOOO 

0.490 

6.62 

However,  while  the  degree  of  acidity  of  o-  and  p-nitrcphenols  is  practically  the  same,  their  nucleophil- 
iciiiesare  different.  This  must  be  ascribed  to  the  so-called  "ortho  effect,"  which,  in  the  given  case,  is  by  a 
hydrogenbond,  which  is  a  factor  that  considerably  increases  the  electron  density  on  the  oxygen  of  the  hydroxyl 
group. 
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Narrow-band  imbalance 
amplifier 

6Zh7  6Zh7  Bi5 


Rectifier 
5ts  4s 


27/220  V 
5 

source 


Measuring 

bridge 


1000  cps  generator 
with  amplifier  and 
cathode  follower 


TABLE  5 
Phenols 


(Variable 

box) 


Block  plan  of  MM  34-53, 


185 
iy5 
235 
2»5  I  50.00 


ir)S.oo  o.oo.mi  67.80 
l.'J.OO  0.01013 

67.00 

156.00  0.02012 


1.25  •  10-« 


3.3  i  .  10-' 


1.32 . 10  -7 


31.93  0.00152 

31.90  0.00131 

31.88  0.01002 

0.01601 


0.022a3 

0.02813 


9.75 . 10-« 


6.57 . 10-« 


Thus,  the  $1^2  mechanism  for  the  reaction  of  benzenesulfonyl  chloride  with  alcohols  and  phenols  is  ad* 
equately  substamlated.and  the  rate  constants  may  be  used  as  a  quantitative  comparative  characteristic  of  die 
nucleophUic  properties  of  alcohols  and  phenols  in  this  reaction. 

The  relative  reactivity  of  the  hydroxyl-containing  compounds  studied  may  be  represented  clearly  if  the 
rate  constant  for  the  alcoholysis  of  benzenesulfonyl  chloride  by  methanol  is  taken  as  unity  (Table  1).  Atten¬ 
tion  is  attracted  by  the  sharp  fall  in  the  activity  of  normal  primary  aliphatic  alcohols  from  methanol  to  butanol 
with  a  subsequent  slow  decrease  as  the  hydrocarbon  chain  is  lengthened  and  the  considerable  activity  of  p-chloro- 
phenol. 
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EXPERIMENTAL 


In  the  work  we  used  carefully  purified  compounds  with  boiling  or  melting  points  corresponding  to  literature 
data.  The  moisture  content  (by  Fischer’s  method)  of  the  acetone  lay  in  the  range  of  0.04-0.05'^l;,and  that  of  the 
alcohols  varied  over  the  range  of  0,17-0,25‘)t, 

For  the  electrometric  measurements,  we  used  a  sonic  frequency  box  bridge  with  an  electronic  optical  in¬ 
dicator  of  the  type  Mlvl  34-53,  which  was  constructed  by  our  co-workers  in  the  Leningrad  Chemicopharmaceuti- 
cal  Institute,V.  M.  MakusheoKo  and  A.  I.  Makhlis.  The  instrument  consisted  of  a  rectifier,  a  sonic  generator 
tuned  to  a  frequency  of  1000  cps,  and  an  amplifier  of  the  generated  resistance  for  feeding  tlie  bridge,  which  con¬ 
sisted  of  a  narrow-band  amplifier  and  an  electronic  optical  indicator.  The  instrument  readings  for  chlorine  ion 
content  were  calibrated  against  parallel  argentometric  determinations  in  special  experiments. 

The  experiments  were  carried  out  in  the  following  way.  The  resistance  vessel  was  charged  with  a  definite 
volume  of  a  2  N  solution  of  benzenesulfcnyl  chloride  in  anhydrous  acetone  and  cooled  to  0*.  Then  an  equiva¬ 
lent  volume  of  a  2  N  solution  of  water  or  alcohol  (phenol)  in  dry  acetone,  which  had  been  cooled  preliminarily, 
was  added  rapidly.  The  vessel  was  hermetically  sealed,  its  contents  were  mixed  vigorously,  and  the  resistance 
of  the  solution  was  measured. 

The  constancy  of  the  instrument  readings  was  checked  periodically  by  parallel  argentometric  determina¬ 
tions  on  samples.  The  instrument  gave  a  satisfactory  accuracy  of  dctei7iiination,and  its  sensitivity  varied  over 
a  range  of 

The  experimental  data  are  given  in  Tables  3-5. 

SUMMARY 

1.  The  reaction  of  benzenesulfcnyl  chloride  with  alcohols  and  phenols  was  studied. 

2.  A  quantitative  characteristic  of  the  relative  reactivity  of  the  alcohols  and  phenols  studied  is  given. 
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INVESTIGATION  IN  THE  FURAN  SERIES 


X.  2-METHYLFURAN  IN  SUBSTITUTIVE  ADDITIONS  WITH 
a,  fl -UNSATURATED  ALIPHATIC  KETONES 

Yu,  K,  Yur’ev,  N,  S,  Zefirov,  A.  A.  Shteinman, 
and  V.  I,  Ryboedov 
Moscow  State  University 

Translated  from  Zhurnal  Obshchei  Khlmii,  Vol,  30,  No.  11,  pp.  3755-3759, 
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Original  article  submitted  January  1,  1960 


The  most  common  methods  for  the  synthesis  of  ketones  of  the  furan  series  are  acylation  of  furan  by  the 
Friedcl -Crafts  reaction,  crotonic  condensation  with  furfural,  and  crganometallic  synthesis  with  furoyl  chloride 
[1].  IIov;cver,  since  each  of  these  methods  has  specific  drawbacks,  the  development  of  new  methods  for  syn- 
thcsizLng  these  ketones  is  of  definite  interest. 

In  a  previous  article,  we  reported  that  in  the  presence  of  sulfuric  acid,  2-methylfiuan  reacts  with  mesityl 
oxide  to  form  l,l-dimethyl-l-(5-mcthylfuryl-2)-3-butanone  [2],  which  refuted  the  previously  expressed  opinion 
that  only  a,6-uPsaturated  ketones  with  an  unsubstituted  vinyl  group  can  undergo  substitutive  addition  of  a  furan 
ring  [3].  Hence  it  followed  that  this  reaction  should  be  general  and  extend  to  any  aliphatic  a. 0 -unsaturated 
ketone  both  with  substituted  and  unsubstituted  vinyl  groups. 

In  tliis  connection,  in  the  present  work  we  made  a  detailed  study  of  the  substitutive  addition  of  2-methyl- 
furan  and  various  cn6 -unsaturated  ketones  in  the  presence  of  concentrated  sulfuric  acid  as  the  catalyst  and  estab¬ 
lished  that  the  yields  of  ketones  from  this  reaction  depend  little  on  the  structure  of  the  starting  a, 0 -unsaturated 
ketone  and  are  50-60'7c  on  an  average.  The  presence  of  substituents  at  the  carbon  atom  bound  by  the  double 
bond  in  the  a,0-unsaiurated  ketone  did  not  prevent  the  reaction,  though  the  yields  of  the  ketones  were  reduced 
somewhat.  However,  even  with  a  radical  like  hexyl  (enanthylideneacetone).  the  yield  was  49*^,  The  reaction 
proceeded  quite  smoothly  even  when  there  were  three  substituents  on  the  two  carbon  atoms  connected  by  the 
double  bond  in  the  a, 0 -unsaturated  ketone;  in  the  reaction  of  2-methylfuran  and  2,3-dimethylpent-2-en-4-one, 
the  yield  of  the  corresponding  ketone  was  40'^t, 
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The  reaction  procedure  differed  somewhat  from  that  we  described  previously  [5],  In  the  present  work,  the 
reaction  was  carried  out  without  heating  but  with  an  increased  amount  of  catalyst,  which  gave  somewhat  higher 
yields  of  ketones. 

Some  of  the  ketones  we  obtained  had  pleasant  odors;  in  particular,  2-methyl -l-(5-mcthylfuryl-2)-3-buta- 
none  had  an  interesting  but  unstable  flowerlike  odor, 

EXPERIMENTAL 

Working  procedure.  Into  a  100-ml  three-necked,  round -bottomed  flask  with  a  stirrer,  thermometer,  and 
dropping  funnel  were  placed  0,2  mole  of  the  a,B-unsaturated  ketone  and  0,2  g  of  hydroquinone  the  mixture 
was  cooled  to  5*,  and  concentrated  sulfuric  acid  (from  0.05  to  2.5  ml)  was  addeddropwise  with  stirring  at  such 
a  rate  that  the  tcmperatiue  did  not  rise  above  7-10*.  Cooling  was  then  stopped,and  0.2  mole  of  2-methylfuran 
(sylvan)  was  added  dropwise  over  a  period  of  3  hr  with  the  temperature  kept  within  the  range  of  20-25*.  The 
mixture  was  stirred  for  a  further  1.5  hr,  diluted  with  an  equal  volume  of  ether,  washed  repeatedly  with  2  N  sodium 
carbonate  solution  and  with  water,  and  dried  with  calcium  chloride.  After  removal  of  the  ether,  the  ketone  was 
vacuum  distilled. 

The  2,4-dinitrophenylhydrazones  were  prepared  by  boiling  equimolecular  amounts  of  2,4-dinitrophenyl- 
hydrazine  and  ketone  .with  subsequent  chromatography  in  benzene  on  alumina  and  recrystallization  from  alcohol. 

l-(5-Mcthylfuryl-2)-3-butanone.  From  14  g  of  methyl  vinyl  ketone,  16.4  g  of  sylvan,  and  0.05  ml  of 
sulfuric  acid  we  obtained  15.2  g  (50'%)  of  a  colorless  liquid  with  a  pleasant  fruity  odor. 

B.  p.  92.5-93*  (8  mm),  n*®D  1.4725,  1.0109,  MRp  42.26.  CjHuOjF,.  Calculated  42.28. 

Literature  data:  b.  p.  07-98*  (12  mm)  [4], 

5-Methyl-l-(5-methylfuryl-2)-3-hexanone.  From  22,4  g  of  vinyl  isobutyl  ketone,  16.4  g  of  sylvan,  and 
0.05  oil  of  sulfuric  acid  we  obtained  19.4  g  (50'7o)  of  a  colorless  liquid. 

B.  p.  112-112.5* (7  mm).  ii^®D  1.4676,  \  0.9623,  MP-o  56.19.  CiiHigOjFj.  Calculated  56.08. 

Literature  data:  b.  p.  134-135*  (20  mm).  r^®D  1.4640,  0.9569,  MRd  55.83  [3], 

Vinyl  isobutyl  ketone.  Into  a  1-liier,  three-necked  flask  with  a  stirrer,  thermometer,  reflux  condenser, 
and  gas-inlet  tube  was  placed  120.6  g  of  isovaleryl  chloride  in  200  ml  of  die hloroe thane,  150  ml  of  anhydrous 
aluminum  chloride  gradually  added  at  —5*.  and  a  fast  stream  of  ethylene  passed  into  the  mixture  at  0*  for  8  hr. 
The  reaction  product  was  poured  onto  a  mixture  of  ice  and  concentrated  hydrochloric  acid  (1;  1)  and  the  organic 
layerwashed  with  2  N  hydrochloric  acid  and  water  and  dried  with  sodium  sulfate.  After  removal  of  the  dichloro- 
ethane,  the  residue  was  vacuum  distilled.  The  chloro  ketone  obtained  was  dehydrochlorinated  with  diethylanfline 
[5],  The  yield  was  34,7  g  (  31%), 

B.  p.  63-64*  (65  mm),  if®D  1.4309. 

Literature  data:  b,  p.  41-42*  (22  mm).  n*®D  1.4293  [6), 

1 -Methyl-1 -(5-methylfuryl-2)-3-butanone.  From  16,8  g  of  ethylideneacetone  [7],  16,4  g  of  sylvan,  and 
0.5  ml  of  sulfuric  acid  we  obtained  19.9  g  (60%)  of  a  colorless  liquid  with  a  flowerlike  odor. 

B.  p.  87-87.5*  (7  mm),  n?®D  1.4700,  0.9882.  MRp  46.92.  CioHmOjF*.  Calculated  46.90, 

Found  %:  C  72.25,  72.41;  H  8.65,  8.52.  CioH^Oj.  Calculated  %:  C  72.26;  H  8.49. 

The  2,4-dinitrophenylhydrazone  formed  yellow  crystals  with  m,  p.  63-63,5*, 

Found  %:  N  16.00,  16.28.  CieHi,05N4.  Calculated  %;  N  16.18. 

l-Ethyl-l-(5-methylfuryi-2)-3-butanone.  From  19,6  g  of  propylideneacetone  [8],  16.4  g  of  sylvan,  and 
0.5  ml  of  sulfuric  acid  we  obtained  18.7  g  (52%)  of  a  colorless  liquid  with  a  pleasant  odor. 

B.  p.  72.5-73*  (3  mm),  i^®D  1.4689,  <f®4  0.9795;  MRp  51.25.  CuHj40,F,.  Calculated  51.52. 

Found  %:  C  73.29.  73.53;  H  8.97,  8.96.  CuHnO,.  Calculated  %:  C  73.33;  H  8.95. 
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The  2,4-dInltfophenylhydrazone  formed  yellow  platelets  widt  m.  p.  59-60*, 

Found  <^1  N  15.62,  15.83.  C^HjoOsN^.  Calculated  It:  N  15.54. 

l-Propyl-l-(5-rnethylfuryl-2)-3-butanone.  From  22.4  g  of  butylldeneacetone  [8],  16,4  g  of  sylvan,  and 
0.5  ml  of  sulfuric  acid  we  obtained  17.2  g  (44^0 )  of  a  colorless  liquid  with  a  fruity  odor. 

B.  p.  98-98.5*  (7  mm),  1.4695,  0.9592;  MRp  56.53.  CuHiP^F*.  Calculated  56.08. 

Found  ‘Jt:  C  74.25,  74.42;  H  9.54,  9.61.  CuHijO*.  Calculated  <)t;  C  74.19;  H  9.34. 

The  2,4-dinitrophcnylhydrazone  formed  yellow  needles  with  m,  p.  75.5-76.5*. 

Found  7c:  N  15.04,  14.90.  CUH22O5N4.  Calculated  7^:  N  14.96. 

l-Isopropyl-l-(5-methylfuryl-2)“3-butanone.  From  22.4  g  of  isobutylideneacetone  [8],  16.4  g  of  sylvan, 
and  0.5  ml  of  sulfuric  acid  we  obtained  17.G  g  (457;)  of  a  colorless  liquid  with  a  fruity  odor. 

B.  p.  76-76.5*,  if®D  1.4700,  0.9718,  MRp  55.80.  CeHi,02F2.  Calculated  56.08. 

Found  7;  C  73.89,  74.14;  H  9.14,  9.31.  CjaHisOi*  Calculated  7o;  C  74.19;  H  9.34. 

The  2,4-dinitrophenylhydrazone  formed  yellow  needles  with  m.  p.  69-70*. 

Found  7;  N  14.74,  14.89.  C18H22O5N4.  Calculated  7:  N  14.96. 

1- Hexyl-l-(5-methylfuryl-2)-3-butanone.  From  30.8  g  of  enanihylldcneacetone  [9],  16,4  g  of  sylvan, 
ai.d  1  ml  of  sulfuric  acid  we  obtained  23,5  g  (497)  of  a  colorless  liquid  with  a  fruity  odor. 

B.  p.  137-138“  (7  mm),  n^®D  1,4675,  c?®4  0.9383;  MRj)  69.85.  C15H24O2F2.  Calculated  69.99. 

Found  7<.:  C  76.30,  76.49;  H  9.99,  10.10.  CJ5H24O2.  Calculated  7:  C  76.22;  H  10.23. 

The  2,4-dinitrophenylhydrazone  formed  yellow  crystals  with  m,  p.  38-39*. 

Found  7c:  N  13.59,  13.31.  C21H28O5N4.  Calculated  7o:  N  13.46, 

2- Methyl-l-(5-methylfuryl-2)-3-butanone.  From  16.8  g  of  methyl  isopropen yl  ketone  [10],  16,4  g  of 


of  sulfuric  acid  we  obtained  20.2  g  (567)  of  a  colorless  liquid  with  a  camphorlike  odor. 


B.  p.  92-92.5*  (6  mm),  if  ®D  1.4705,  c?®4  0.9725;  MRd  51.71.  CuHuOjFj.  Calculated  51.52. 

Literature  data:  b.  p.  106-107*  (15  mm),  if®D  1.4700,  0.9723  [21. 

l-Methyl-l-ethyl-l-(5-methylfuryl-2)-3-pentanone.  From  25,2  g  of  3-methylhept-3-en-5-onc  [111, 
16.4  g  of  sylvan,  and  2  ml  of  sulfuric  acid  we  obtained  20  g  (487)  of  a  colorless  liquid  with  a  camphorlikc  odor. 

B.  p.  104,5-105*  (6  mm),  if®D  1.4742,  d*®4  0,9670;  MRq  60.56.  C18H20O2F2.  Calculated  60.76. 


3721 


Found  ‘5t:  C  75.15.  75.21;  H  9.47,  9.55.  CijHjoOj.  Calculated  ‘Jt;  C  74.94;  H  9.68. 

The  2.4-dlnitrophcnylhydrazone  formed  yellow  crystals  with  in.  p.  95-96*. 

Found  N  13.96.  13.99.  C,5H2405N4.  Calculated  N  13.86. 

1.1.2-TritT)ethyl-l-(5-mcthylfuryl-2)-3-butanone.  From  22.4  g  of  2,3-dimethylpent-2-en-4-onc  (12], 
16.4  g  of  sylvan,  and  2.5  ml  of  sulfuric  acid  we  obtained  15.2  g  (39<^)  of  a  colorless  liquid  with  a  camphorlike 
odor. 

B.  p.  108-108.5*  (13  mm),  n*®D  1.4670,  \  0.9750;  MRjj  56.24.  CcHi,0,F,.  Calculated  56.08. 

Found  C  74.27,  74.16;  H  9.30,  9.32.  CuHig02-  Calculated  ‘Jt;  C  74.19;  H  9.34. 

The  2,4-dlnltrophenylhydrazone  formed  orange  crystals  with  m.  p.  109-110*, 

Found  N  14.87,  14.94.  CjjHaOjN^.  Calculated  ^z  N  14.96. 

SUMMARY 

On  the  example  of  the  reaction  of  2-methylfuran  with  various  a,  B- unsaturated  aliphatic  ketones  it  was 
shown  that  substitutive  addition  in  the  furan  series  is  a  general  reaction  and  may  be  used  as  a  convenient  method 
for  the  synthesis  of  ketones  of  the  furan  series  from  l-(5-methylfuryl-2)-3-alkanones  to  l,l,2-trialkyl-l-(5- 
methylfuryl-2)-3-alkanones  which  are  inaccessible  or  difficult  to  prepare  by  other  methods. 
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Among  substances  with  an  antitumor  action  there  are  two  antibiotics  of  particular  interest  which  contain 
diazoacetyl  groups  in  combination  with  amino  acid  residues,  namely  azaserine  (Dand  6-diazo-5-oxo-L-nor- 
leucine  (H), 

NaCMCOOCH^fCIUNiyCOOH  N2CIICO(CIl2)2CH(NH2)COOH 
(1)  ('ll) 

The  combination  of  an  alkylating  grouping  with  an  amino  acid  residue  has  been  found  effective  in  the 
case  of  sarcolysin  (III),  which  is  now  one  of  the  most  effective  chemical  antitumor  preparations. 

(CICll2Cll2)2N— ^  ^-Cll2CH(NH2)COOH  •  HCl 

In  this  connection  it  seemed  interesting  to  us  to  synthesize  the  analog  of  sarcolysin  with  a  diazoacetyl 
group  instead  of  a  p-di-(  6-chloroethyl)-amino  group,  namely,  p-diazoacetylphenylalanine,  or  some  of  its 
simple  derivatives. 

BrominaticA  of  ethyl  p-toluate  (IV')  with  bromosuccinimide  in  the  presence  of  benzoyl  peroxide  [1]  gave 
a  good  yield  of  ethyl  p-bromomethylbenzoate  (V)  [2],  which  was  condensed  with  sodioacetamidomalonic  ester 
to  give  p-carbethoxybenzylacetamidomalonic  ester  (VI). 


CII3 

OILOr 
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1  NaC(COOC,H,), 

/^\  1 

^C00C2H5 
^-OHjC— NIIOOOHa 
^  ^OOOOjHs 

1  j  -* 

V 

1  1  ’^"‘'•‘^^"1.02115000  <( 

00002115 

1 

OOOO2II5 

(IV) 

(V) 

(VI) 

Experiments  ou  the  hydrolysis  of  the  ester  (VI),  which  were  carried  out  under  various  conditions,  showed 
that  the  rate  of  hydrolysis  of  the  two  aliphatic  carbethoxyl  groups  is  apparently  the  same  and  considerably  ex¬ 
ceeds  the  rate  of  hydrolysis  of  the  carbethoxyl  group  in  the  aromatic  nucleus.  In  actual  fact,  even  when  1  mole 
of  NaOH  in  ethanol  was  used,  about  half  of  the  ester  (VD  taken  was  recovered , and  as  the  reaction  produce  we 
isolated  p-carbethoxy-N-acetylphenylalanine  (VIl),  which  was  formed  as  a  result  of  hydrolysis  of  both  carbe¬ 
thoxyl  groups  in  the  acetamidomalonic  ester  residue  and  decarboxylation. 
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The  action  of  three  moles  of  NaOH  yielded  p-carboxy-N-acetylphenylalanine  (VIII).and  It  was  necessary 
to  boll  the  latter  with  20<^  hydrochloric  acid  to  remove  the  acetyl  group  and  form  p-carboxyphenylalanlne  (X). 

In  an  experiment  with  two  moles  of  NaOH  in  isobutanol,  together  with  hydrolysis  tliers  was  transesterificatloo. 
and  we  isolated  the  p-isobutyl  ester  of  p-carboxy-N-acetylphenylalanine  (IX).  To  confirm  the  structure  of  the 
half  ester  (VII).  we  synthesized  p-carbomethoxybenzylacetamidomalonic  ester  (XI)  and  partially  hydrolyzed  it. 
We  then  isolated  a  substance  which  differed  from  the  ester  (VII)  and  corresponded  in  analysis  to  p-carbomethoxy> 
N-acetylphenylalanlne  (XII), 


ciunnc—<f  ^-ciizC— Micocn-,  — cn.,o()c— cf  cnaCHNiicociia 

\r -  ■ 
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Thus,  the  positions  of  the  carboxyl  and  carbethoxyl  groups  in  the  molecule  of  (VII)  may  be  considered 
demonstrated  by  analogy. 

From  the  dicarboxylic  acid  (VIII),  we  prepared  the  dibenzyl  ester  (XIII),  which  was  partially  hydrolyzed 
to  give  p-carbobenzoxy-N-acetylphenylalaiiine  (XrV\  analogous  to  the  monoethyl  ester  (VII). 


(VIII) 
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V  riinr _ 


After  esterification  of  the  free  carboxyl  group  (XIV)  with  alcohol  [3],  the  ethyl  benzyl  ester  (XV)  fonned 
was  subjected  to  catalytic  hydrogenation  to  yield  the  a  -ethyl  ester  of  p-carboxy-N-acctylphenylalanine  (XVI). 
By  the  action  of  thionyl  chloride,  the  acid  (XVI)  was  converted  into  the  acid  chloride  (XVID,and  the  latter  was 
converted  into  the  ethyl  ester  of  p-diazoaceiyl-N-acetylphenylalaninc  (XVIII).  Careful  hydrolysis  of  the  diazo 
keto  ester  (XVIU)  formed  p-diazoacetyl-N-acetylphenylalanine  (XIX).  For  identification  of  the  acid  chloride 
(XVn).  which  was  not  isolated  in  a  pure  form,  the  anilide  of  the  acid  (XX)  was  prepared. 

In  view  of  the  higher  rate  of  hydrolysis  of  the  a-carbalkoxyl  groups,  it  seemed  that  there  was  a  possibility 
of  a  shorter  route  for  the  synthesis  of  the  benzyl  ester  (XIV)  according  to  the  following  scheme; 
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NnC(r.OOC,ll,), 

c„n..cii20or.-^  _nhcoch^ 

(x'xi) 

_  ^COOCjMs 

‘•«II..Cll20()C-<^  ClIoC— NIICOCII3  — ►  (XIV) 

—  ^^COOCilI, 

(XXII) 

However,  the  realization  of  this  variant  was  prevented  by  the  considerable  lability  of  the  beiuyl  residue 
In  the  carbobenzoxy  group.  Thus,  condensation  of  benzyl  p-bromomethylbenzoate  (XXI)  with  sodioacetamido' 
malonic  ester  In  ethanol  formed,  as  a  result  of  transesterification,  the  triethyl  ester  (VI)  and  p-carbobenzoxy- 
benzylacetamidomalonic  ester  (XXII),  The  latter  was  obtained  as  a  result  of  a  condensation  in  the  absence  of 
alcohol.  Then,  in  the  hydrolysis  of  the  condensation  product  (XXII)  we  should  have  found,  on  the  one  hand, 
great  ease  of  hydrolysis  of  the  a-carbalkoxyl  groups  and  on  the  other  hand,  on  the  contrary,  greater  ease  of 
elimination  of  the  benzyl  group  [4].  It  was  found  that  the  partial  hydrolysis  of  (XXII)  was  actually  indefinite: 
we  obtained  low  yields  of  p-carbobenzoxy-N-acetylphenylalanine  (XIV)  and  p-carboxy-N-acetylphenylalanlne 

(vnD. 

The  formation  of  the  benzyl  ester  (XIV)  in  the  given  case  is  definite  confirmation  of  the  accuracy  of  the 
above  conclusions  on  the  different  rates  of  hydrolysis  of  the  oc  -  and  p-carbalkoxyl  groups. 

All  analyses  were  carried  out  in  the  analytical  laboratory  of  our  institute  under  the  direction  of  A.  D. 
Chinaeva. 


EXPERIMENTAL 

p-Carbcthoxybenzylacetamidomalonic  ester  (VI).  To  the  sodium  ethylate  obtained  from  3.94  g  of  sodium 
and  90  ml  of  anhydrous  alcohol  was  added  a  solution  of  37.5  g  of  acetamidomalonic  ester  in  160  ml  of  anhydrous 
alcohol.  The  reaction  mixture  was  stirred  for  30  min  at  25-30*.  Then  a  solution  of  41.6  of  ethyl  p-bromoethyi- 
benzoate  in  80  ml  of  dry  benzene  was  added  and  the  mixture  stirred  at  70-75*  for  2  hr.  After  removal  of  the 
sodium  bromide,  from  the  filtrate  we  isolated  44.5  g  (68.5‘7e)  of  the  ester.  It  had  m.  p.  141-141.5*  (from  an¬ 
hydrous  alcohol). 

Found  C  59.73;  H  6.31.  C19H25O7N.  Calculated  ‘Jfc:  C  60.15;  H  6.64. 

The  colorless  needles  were  soluble  in  ether  and  methanol  and  insoluble  in  ligroin. 

p-Carboxy-N-acetylphenylalanine  (VIII).  To  a  solution  of  16.6  g  of  p-carbethoxybenzylaceiamidomalonic 
ester  in  500  ml  of  alcohol  was  added  a  10'^  solution  of  NaOH  containing  5.25  g  (3  equiv.)  of  alkali  and  the  mix¬ 
ture  boiled  for  8  hr.  After  removal  of  tlie  alcohol,  the  residue  was  dissolved  in  water  and  acidified  to  Congo  with 
10*70  hydrochloric  acid.  The  dicaiboxyllc  acid  (VIII)  precipitated  as  fine  crystals  with  m,  p.  238-240*  (from  25')fc 
alcohol).  The  yield  was  8  g 

Found  *7::  C  57.27;  H  5.42.  C^HisOgN.  Calculated  <7,:  C  57.37;  H  5.21. 

The  colorless  scaly  crystals  were  difficultly  soluble  in  water  and  moderately  soluble  in  25*7>  alcohoL 

Benzyl  ester  of  p-carbobenzoxy-N-acetylphenylalanine  (Xni).  A  solution  of  8,1  g  of  p-carboxy-N-acctyl- 
phenylalanine  (VIII)  in  200  ml  of  benzyl  alcohol  was  sattirated  with  dry  hydrogen  chloride  with  cooling  in  ice 
and  left  at  room  temperature  for  36  hr.  After  removal  of  the  benzyl  alcohol,  the  residue  was  dissolved  in  ben¬ 
zene  and  the  solution  washed  with  saturated  bicarbonate  solution  and  then  with  water.  The  solvent  was  removed 
and  the  residue  recrystallized  from  ether.  The  yield  was  11.3  g  (81,23*7))  and  the  m.  p.  91 -92*, 

Found  *^t;  C  72.48;  H  5.57;  N  3.28.  C26H25O5N.  Calculated  *7);  C  72.38;  H  5.84;  N  3.24. 

The  fine  colorless  needles  were  difficultly  soluble  in  hexane,  ether,  and  ligroin  and  soluble  in  benzene, 
chloroform,  and  alcohol. 

p-Carbobenzoxy-N-acetylphenylalanine  (XIV).  Over  a  period  of  30  min,  14  ml  of  a  10*7)  solution  of  NaOH 
was  added  with  stirring  to  a  solution  of  16.3  g  of  the  benzyl  ester  of  p-carbobenzoxy-N-acetylphenylalanine  in 
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150  ml  of  benzyl  alcohol  on  a  boilLng  water  bath  and  the  mixture  then  stirred  for  a  further  1.5  hr.  After  removal 
of  iIjc  benzyl  alcohol,  the  residue  was  dissolved  in  water  and  acidified  to  Congo  with  10*^!  hydrochloric  acid,  when 
tlie  acid  (XIV)  precipitated  as  fine,  colorless  scales.  The  yield  was  9.3  g  (72.1‘^t)  and  the  m.  p.  174-175*  (from 
ethyl  acetate). 

Found  ‘Jt:  C  GG.35;  H  5.54;  N  4.27.  CjjHijOsN.  Calculated  C  66.85;  H  5.61;  N  4.10. 

The  substance  was  soluble  in  alcohol  and  ethyl  acetate. 

•Ethyl  ester  of  p-carbobenzoxy-N-acctylphcnylalanine  (XV).  To  a  suspension  of  10  g  of  p-carbobenzoxy- 
N-acctylphenylalanlne  in  50  ml  of  anhydrous  alcohol  at  0*  was  addl'd  2.5  ml  of  acetyl  chloride  with  stirring.  The 
mixture  v/as  stirred  at  30*  until  the  solid  dissolved  completely  and  then  for  a  further  2  hr.  After  removal  of  the 
alcohol,  the  residue  was  dissolved  in  ethyl  acetate  and  tlie  solution  washed  with  a  saturated  aqueous  solution  of 
bicarbonate  and  dried  over  Na2S04.  Removal  of  the  ethyl  acetate  yielded  9.72  g(81.7'^)  of  product  with  m.  p. 
92-93*  (from  ether).  Rccrystallization  from  ligroin  yielded  a  different  crysul  form  with  m.  p.  79-80*. 

Found  <51:  C  68.21;  11  6.20;  N  3.72.  CalluOsN.  Calculated  C  68.28;  H  6.27;  N  3.80. 

The  fine  wlilte  needles  were  difficultly  soluble  in  benzene,  hexane.  ligroin,  ether,  and  chloroform  and 
soluble  in  alcohol  and  ethyl  acetate. 

Ethyl  ester  of  p-carboxy-N-acctylphenylalanine  (XVII.  A  solution  of  8.21  g  of  the  ethyl  ester  of  p-carbo- 
bcnzoxy-N-acetylphenylalanine  (XV)  in  100  ml  of  anhydrous  alcohol  was  hydrogenated  In  the  presence  of  1.0  g 
of  5'7c  palladium  on  charcoal  for  2  hr.  Removal  of  the  catalyst  and  evaporation  of  the  solvent  yielded  5.05  g 
(RO.o'^c)  of  product.  The  lustrous  scales  had  m.  p.  187-188*  (from  ethyl  acetate). 

Found  f :  C  60.11;  H  6.06;  N  5.37.  C14H17O5N.  Calculated  C  60.20;  H  6.13;  N  5.02. 

The  substance  was  soluble  in  acetone  and  alcohol  and  difficultly  soluble  in  ether  and  chloroform. 

Acid  chloride  of  the  ethyl  ester  of  p-carboxy-N-acetylphenylalanine  (XVII).  With  cooling  in  ice  and 
stirring  2.0  ml  (2^^"^  excess)  of  thionyl  chloride  was  added  to  5.05  g  of  the  ethyl  ester  of  p-carboxy-N-acetyl- 
plienylalanine  (XVI)  In  50  ml  of  dry  cliJoroform.  The  mixture  was  then  lieated  at  50-52*  on  a  water  bath  foe 
15  min,  v/licn  the  acid  (XVI)  dissolved  completely  and  tlie  solution  became  slightly  yellow.  The  solvent  and 
excess  thionyl  chloride  were  removed  in  vacuum  at  40*  and  the  residue  treated  with  dry  benzene  with  subsequent 
distillation.  The  solid  acid  chloride  obtained  was  used  without  purification. 

Anilide  of  the  ethyl  ester  of  p-carboxy-N-acetylphcnylalanine  (XX).  A  solution  of  0.24  g  (tlireefold  ex¬ 
cess)  of  aniline  in  5  ml  of  dry  chloroform  was  added  with  cooling  to  a  solution  of  0.24  g  of  the  acid  chloride 
(XVII)  in  5  ml  of  dry  chloroform.  Tlie  precipitate  was  collected  and  washed  on  the  filter  with  hydrochloric 
acid  and  water.  We  obtained  0.21  g  of  product  with  m.  p.  190-191*  (from  alcohol  and  ethyl  acetate). 

Found  C  67.40;  H  6.10;  N  8.03.  C20H22O4N2.  Calculated  C  67.78;  H  6.26;  N  7.90. 

The  fine,  colorless  needles  were  soluble  in  methanol  and  difficultly  soluble  in  ether. 

Ethyl  ester  of  p-diazoacetyl-N-acetylphcnylalanine  (XVIII).  The  acid  chloride  (XVn)  obtained  from 
5.05  g  of  the  ethyl  ester  of  p-carboxy-N-acetylphenylalanine  was  dissolved  in  50  ml  of  dry  chloroform  and  this 
solution  added  dropwise  at  0*  with  stirring  to  an  ctlxsr  solution  of  a  fivefold  excess  of  diazomethane.  When 
approximately  half  of  the  solution  of  the  acid  chloride  (XVII)  had  been  added,  a  yellow  crystalline  substance 
began  to  precipitate  from  tlie  reaction  mixture.  When  all  the  acid  chloride  (XVII)  had  been  added,  the  reaction 
mixture  was  stirred  for  a  further  2  hr  without  cooling.  The  precipitate  was  then  collected  and  the  solvent  re¬ 
moved  completely  in  vacuum  without  heating.  We  obtained  4.5  g  (83.0<^)  of  product  with  m.  p.  134-135*  (de¬ 
comp.,  from  50)t  alcohol). 

Found  C  59.41;  H  5.75;  N  13.82.  C,5»i,04N,.  Calculated  It;  C  59.40;  H  5.65;  N  13.88. 

The  light  yellow  crystals  were  soluble  in  alcohol  and  difficultly  soluble  in  ether. 

p-DIazoacetyl-N-acetylplienylalanine  (XIX).  To  a  solution  of  1.0  g  of  the  ethyl  ester  of  p-diazoacetyl- 
phenylalaninc  in  alcohol  was  added  a  10*^  solution  of  NaOH  (1  equiv.)  at  0*  and  the  mixture  left  at  0*  for  48  hr. 
The  color  of  the  solution  tlien  became  dark  red.  The  reaction  mixture  was  then  adjusted  to  pH  6.5  with  dilute 
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hydrochloric  acid  and  the  solvent  removed  In  vacuum  without  heating.  The  residue  was  dissolved  In  anhydrous 
alcohol  and  absolute  ether  added  to  the  solution.  The  flocculent  precipitate  was  collected  and  the  filtrate  evap~ 
orated  to  dryness  without  heating.  We  obtained  a  finely  crystalline  yellow  powder,  which  was  recrystallized 
from  a  mixture  of  anhydrous  methanol  and  ether  and  then  from  75‘7c  alcohol.  The  yield  was  0.1  g  and  the  m.  p. 
103-106*  (decomp.).  The  substance  contained  1  mole  of  water  of  crystallization. 

Found  ojoi  C  52.59;  H  5.29;  N  14.40.  C13H13O4N,  *  H,0.  Calculated  C  53.23;  H  5.15;  N  14.30. 

The  yellow  needles  were  soluble  in  methanol  and  alcohol  and  insoluble  in  ether. 

p-Carbomethoxybenzylacetamidomalonlc  estet'  (XI).  A  solution  of  20.6  g  of  methyl  p-bromomethyl- 
benzoate  in  40  ml  of  anhydrous  alcohol  was  added  to  sodioacetamidomalonic  ester  (from  2.06  g  of  sodium  and 
19.45  g  of  aceramidomalonic  ester  in  70  ml  of  anhydrous  alcohol).  The  reaction  mixture  was  stirred  at  70-75* 
for  2  hr.  The  precipitate  was  removed  by  filtration  and  the  filtrate  cooled  to  yield  15.6  g  (50.4f^)  of  product 
with  m.  p.  121-122*  (from  methanol). 

Found  -Vc:  C  58.95;  H  5.95;  N  3.99.  CjgHjaOjN.  Calculated  C  59.17;  H  6.34;  N  3.83. 

The  needlelike  crystals  were  soluble  in  alcohol,  methanol,  acetone,  ether,  and  benzene. 

p-Carbomethoxy-N-acetylphenylalanine  (XII).  Over  a  period  of  2  hr,  a  10*^  solution  of  NaOH  (2  equiv.) 
was  added  with  stirring  to  a  solution  of  2.0  g  of  p-carbomethoxybenzylacetamidomalonic  ester  in  30  ml  of  meth¬ 
anol  at  50-55*.  After  removal  of  the  solvent,  the  residue  was  dissolved  in  water,  the  solution  filtered,  and  the 
filtrate  acidified  to  Congo  with  lO'Jc  hydrochloric  acid  to  form  a  precipitate.  The  yield  was  0.9  g.  Recrystal¬ 
lization  from  ethyl  acetate  gave  0.3  g  of  the  dicarboxylic  acid  (VIII)  (m.  p.  238-240*)  and  0.25  g  of  p-carbo- 
methoxy-N-acetylphenylalanine  (XII)  with  m.  p.  171-172*  (from  acetone). 

Found  “yc:  C  58.82;  H  5.74.  C^jHisOjN.  Calculated  C  58.86;  H  5.70. 

The  colorless  needles  were  soluble  in  alcohol,  methanol,  ethyl  acetate,  and  acetone  and  difficultly  solu¬ 
ble  in  ether. 

p-Carbethoxy-N-acetylphenylalanine  (VII).  An  alcohol  solution  of  NaOH  (1  equiv.)  was  added  to  a  solu¬ 
tion  of  2.0  g  of  p-carbethoxybenzylacetamidomalonic  ester  (VI)  in  25  ml  of  ethanol.  The  mixture  was  boiled 
for  3.5  hr.  The  reaction  mixture  was  then  diluted  with  twice  its  volume  of  water  and  extracted  with  ether.  From 
the  ether  solution  we  isolated  0.83  g  of  the  starting  material  (VIl.  Acidification  of  the  aqueous  solution  with 
hydrochloric  acid  yielded  an  oil,  which  solidified  when  treated  with  absolute  ether.  The  yield  was  0.5  g 
and  the  m.  p.  151-152*  (from  methanol  and  acetone). 

Found  7c:  C  59.82;  H  5.98;  N  5.30.  CmHjtOsN.  Calculated  <%:  C  60.21;  H  6.13;  N  5.01. 

The  substance  was  soluble  in  methanol,  alcohol,  and  dioxane;  difficultly  soluble  in  ethyl  acetate  and 
acetone;  and  insoluble  in  ether,  ligroin,  chloroform,  and  benzene. 

Isobutyl  ester  of  p-carboxy-N-acetylphenylalanine  (DO.  A  mixture  of  2.0  g  of  p-carbethoxybenzylacc- 
tamidomalonic  ester  (VI),  30  ml  of  isobutanol,  and  an  alcohol  solution  of  NaOH  (2  equiv.)  was  heated  at  100- 
105*  for  3.5  hr.  The  mixture  was  diluted  with  three  times  its  volume  of  water  and  acidified  to  Congo  with  107> 
hydrochloric  acid.  This  liberated  1.9  g  of  oil,  which  crystallized  when  triturated  with  absolute  ether.  The  yield 
was  0.19  g  and  the  m.  p.  167-167.5*  (from  ethyl  acetate,  acetone,  and  307)  alcohol). 

Found  Ojci  c  62.14;  H  6.63;  N  4.58.  CieHjjOsN.  Calculated  C  62.53;  H  6.89;  N  4.55. 

The  fine  needles  were  soluble  in  alcohol,  methanol,  ethyl  acetate,  and  acetone  and  difficultly  soluble 
in  ether. 

p-Carboxyphenylalanine  hydrochloride  (X>.  When  0.22  g  of  p-carboxyacetamidophenylalanlne  (VIII) 
vas  boiled  with  15  ml  of  207c  hydrochloric  acid  for  3  hr,  the  solid  (VIII)  first  dissolved,  and  then  the  hydro¬ 
chloride  precipitated.  The  yield  was  0,15  g  and  the  m,  p.  287-292*  (decomp.,  from  107)  hydrochloric  acid). 

Found  C  48.87;  H  5.06;  N  5.72;  Cl  14.68.  C10HCO4NCI.  Calculated  7):  C  48.89;  H  4.92;  N  5.70; 
Cl  14.44. 

The  colorless  crystals  were  insoluble  in  water,  alcohol,  and  acetic  acid  and  soluble  in  dilute  alkali. 
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p-Carbobenzoxybenzylacetamidomalonic  ester  (XXIT).  To  an  alcohol  solution  of  Na-acetamidomalonic 
ester  (from  0.31  g  of  sodium  and  2,9  g  of  acetamidomalonic  ester  in  25  ml  of  anhydrous  alcohol)  was  added  dry 
benzene  and  the  excess  alcohol  and  benzene  removed  completely  in  vacuum.  To  the  residue  was  added  20  ml 
of  dry  benzene  and  then  a  solution  of  5.0  g  of  benzyl  p>bromomethylbenzoate  in  20  ml  of  dry  benzene.  The 
mixture  was  then  stirred  for  6  hr  at  80*  (bath  temperature).  After  removal  of  the  benzene,  the  residue  was  treated 
with  water  and  the  insoluble  substance  collected.  The  yield  was  3.48  g  (47.5<^)  and  the  m.  p.  160-161*  (from 
acetone  and  methanol). 

Found  ojtx  C  64.97;  H  6.12;  N  3,18.  C24H27O7N.  Calculated  ‘Jt:  C  65.29;  H  6.16;  N  3.17. 

The  colorless  crystals  were  soluble  in  alcohol,  methanol,  acetone,  and  ethyl  acetate. 

When  this  synthesis  was  attempted  in  alcohol  there  was  transesterification  and  the  formation  of  the  already 
known  p-carbethoxybenzylacetamidomalonic  ester  (VI)  with  m,  p.  137-138.5*  (from  anhydrous  alcohol).  A  mixed 
melting  point  with  an  authentic  sample  was  not  depressed. 

Found  C  60.24;  H  6,66;  N  3.74.  CigHijO^N.  Calculated  C  60.15;  H  6.64;  N  3.69. 

Hydrolysis  of  p-carbobcnzoxybenzylacetamidomalonic  ester.  A  1,0-g  sample  of  p-carbobenzoxybenzyl- 
acetamidomalonic  ester  (XXn)  was  hydrolyzed  by  stirring  with  5  ml  of  benzyl  alcohol  and  a  10*^  aqueous  solu¬ 
tion  of  NaOH  (2  equiv.)  on  a  boiling  water  bath  for  2  hr.  After  being  heated,  the  reaction  mixture  was  poured 
into  water  and  extracted  with  benzene.  The  aqueous  solution  was  acidified  to  Congo  with  10<)()  hydrochloric 
acid  to  form  a  precipitate.  The  yield  was  0.42  g.  Recrystallization  from  ethyl  acetate  gave  1.0  g  of  the  di- 
carboxylic  acid  (VIII)  and  0.14  g  of  a  substance  with  m.  p.  172-173*  (from  ethyl  acetate),  which  did  not  depress 
the  melting  point  of  p-carbobenzoxy-N-acetylphenylalanine  (XIV), 

SUMMARY 

1.  The  ethyl  ester  of  p-diazoacetyl-N-acetylphenylalanine  was  synthesized  from  ethyl  p-bromomethyl- 
benzoate  through  p-carbeilioxybenzylacetamidomalonic  ester,  p-carboxy-N-acetylphenylalanine,  the  benzyl 
ester  of  p-carbobenzoxy-N-acetylphenylalanine,  p-carbobenzoxy-N-acetylphenylalanine,  the  ethyl  ester  of 
p-  carbobenzoxy-N-acetylphenylalanine,  the  a -ethyl  ester  of  p-carboxy-N-acetylphenylalanine,  and  the  acid 
chloride  of  the  a -ethyl  ester  of  p-carboxy-N-acetylphenylalanine, 

2.  Hydrolysis  of  the  ether  ester  of  p-diazoacetyl-N-acetylphenylalanine  yielded  p-diazoacetyl-N-acetyl- 
phenylalanine  (the  diazoacetyl  analog  of  N-acetylsarcolysin), 

3.  The  hydrolysis  of  the  methyl,  ethyl,  and  benzyl  esters  of  p-carboxybenzylacetamidomalonic  ester  was 
studied. 
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Up  to  now  the  sulfonation  of  trans-dibenzpyrenequinone  has  not  been  studied  systematically.  Some  data 
on  the  preparation  of  sulfonic  acids  of  dibenzpyrenequinone  as  Intermediates  for  hydroxy  compounds  may  be 
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monosulfonic  acid  of  trans-dibenzpyrenequinone  as  the  zinc  salt. 

An  Important  factor  in  the  sulfonation  of  dibenzpyrenequinone  is  the  temperature.  Neither  sulfuric  acid 
monohydrate  nor  20<ye  oleum  sulfonates  dibenzpyrenequinone  at  100*.  Sulfonation  with  a  large  excess  of  the 
monohydrate  is  possible  at  175-180*  over  a  period  of  12  hr  with  the  formation  of  a  mixture  of  mono-  and  dl- 
sulfonic  acids  of  dibenzpyrenequinone.  Sulfonation  with  oleum  also  proceeds  with  difficulty,and  complete  re¬ 
action  is  possible  at  150-160*  in  a  period  of  1  hr  with  a  50<^  excess  of  oleum,  calculated  on  the  introduction  of 
two  sulfonic  acid  groups.  Reducing  the  excess  of  oleum  to  10*^  left  up  to  10*^  of  unchanged  starting  material 
(table).  Lowering  the  temperature  to  140*  with  a  large  excess  of  oleum  and  an  increase  in  the  time  to  5  hr  re¬ 
duced  the  yield  of  disulfonic  acid  to  50‘^.  Sulfonation  with  the  theoretical  amount  of  20*^  oleum  or  a  50*)!)  ex¬ 
cess,  calculated  on  the  introduction  of  one  sulfonic  acid  group,  at  150*  and  for  various  times  led  to  the  forma¬ 
tion  of  both  disulfonic  acid  and  monosulfonic  acid  with  part  of  the  dibenzpyrenequinone  remaining  unchanged. 

It  was  difficult  to  stop  the  sulfonation  at  ^e  monosulfonic  acid. and  despite  unchanged  dibenzpyrenequinone, 
the  reaction  readily  formed  the  disulfonic  acid.  This  behavior  of  dibenzpyrenequinone  is  reminiscent  to  some 
extent  of  the  sulfonation  of  anthraquinone  [3].  As  the  data  in  the  table  show,  sulfonation  with  oleum,  especially 
to  the  monosulfonic  acid,  was  accelerated  somewhat  by  mercury  salts.  Sulfonation  in  the  presence  of  sodium 
sulfate  produced  somewhat  more  complete  disulfonatioo. 

By  isolating  the  disulfonic  acid  of  dibenzpyrenequinone  as  the  disodium  salt  and  also  by  preparing  some 
of  its  other  salts  with  metals  and  aromatic  amines,  we  established  that  the  corresponding  derivatives  of  the  di¬ 
sulfonic  acid  obtained  by  sulfonation  with  mercury  and  also  without  it  were  identical.  Despite  the  fact  that  the 
colors  of  the  dry  disodium  salts  of  the  disulfonic  acids  of  dibenzpyrenequinone  differed  somewhat  (yellow-brown 
from  sulfonation  with  mercury  and  yellow-orange  without  mercury),  their  visible  and  ultraviolet  absorption  spec¬ 
tra  were  identical:  The  disodium  salt  in  water*  *  had  disodium  salt  in  HXSO4 

*  See  Zhur.  Obshchei  Khim.  3464  (1960)  for  communication  XXX, 

*  *  The  spectra  were  plotted  by  Yu.  A.  Kolesnik. 


mediate  products  in  the  reaction  of  polycyclic  ketones 


"■>0 


with  a  sulfonating  agent  [2],  isolated  a 


^CO— SO3 


were  formed  as  inter- 


found  in  patents  [1).  A,  M,  Lukin,  in  establishing  that  sulfonoxides 
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Sulfonation  of  Dibenzpyrenequlnone*  [8.3  g  (0.025  mole)  of 
dibenzpyrenequlnone  and  20<%  oleum] 


Products  (<5t) 

Expt. 

No. 

SO3 

(mole) 

Temp. 

Time 

unchanged 

dibenz- 

monosul- 

disulfonic 

(hr) 

pyrene- 

fonic 

acid 

quinone 

acid 

1 

(i.Oi 

ir,o® 

1 

41.0 

15.0 

43.3 

2 

(Mii 

150 

5 

12.0 

31.0 

45.6 

a** 

o.iH 

JfiO 

1 

10.0 

42.1 

45.3 

um:>2 

150 

1 

8.5 

— 

91.0 

f)** 

0.032 

1 

8.5 

_ 

91.5 

6*** 

0.032 

150 

1 

4.0 

_ 

96.0 

7 

0.070 

IfiO 

I 

— 

_ 

97.0 

s** 

0.07!i 

IfiO 

1 

— 

_ 

100.0 

!♦ 

0.070 

I'lO 

5 

50.0 

_ 

50.0 

lU 

0.02'* 

KM) 

5 

4.5.7 

6.4 

29.1 

It***. 

«».o7.'* 

KM) 

— 

92JI 

\2 

ao.o 

17.'* 

10 

— 

1.5.0 

83.0 

(mono- 

1 

, hydrate) 

1 

1 

•  Parallel  experiments  gave  variations  in  yield  of  up  to  S<^. 

•  ‘With  10<7c  HgS04. 

••  •  With  10'5fc  Na2S04. 

•  •  •  •  With  40Tfc  oleum. 

(d  1.84)  had  X.n,ax  ^'*^0  The  nature  of  the  ultraviolet  absorption  spectrum  of  the  disodium  salt  is  shown  in 
the  figure.  Thus,  in  contrast  to  the  sulfonation  of  anthraquinone.  the  positions  of  the  sulfonyl  groups  introduced 
into  dibenzpyrenequinone  arc  not  changed  by  mercury  salts.  The  conversions  of  the  disulfonic  acid  of  dibenz- 
pyrenequinone  described  below  were  carried  out  with  the  discdium  salt  obtained  by  sulfonation  both  with  mer¬ 
cury  and  without  it. and  were  also  found  to  be  identical.  A  comparison  of  the  absorption  spectra  in  sulfuric  acid 
of  trans-dibenzpyrenequinone  (violet  color)  and  the  disodlum  salt  of  the  disulfonic  acid  obtained  (red  color)  shows 
tlie  hypsochromic  effect  of  the  sulfonic  acid  groups,  which  displace  the  absorption  maximum  by  38  mp  (from 
568  to  530  mp).  The  disodium  salt  of  dibenzpyrenequinonedisulfonic  acid  was  readily  soluble  in  water  and  dyed 
wool  and  caprone  fiber  a  bright  golden  yellow  from  an  acid  solution.  The  fastness  of  the  dye  was  high  to  light, 
but  low  to  soap  and  water.  Heating  the  disodium  salt  of  dibenzpyrenequinonedisulfonic  acid  with  sulfuric  acid 
of  various  concentrations  to  180*  for  3  hr  both  with  merc'ory  and  without  it  did  not  lead  to  hydrolysis  of  the  sul¬ 
fonic  acid  groups,  while  traces  of  dibenzpyrenequinone  were  formed  in  70-80<^  sulfuric  acid  at  225*.  Heating 
the  substance  at  225*  for  3  hr  in  \°lc  sulfuric  acid  in  sealed  tubes  both  with  mercury  and  without  it  did  not  lead 
to  hydrolysis  of  dibenzpyrenequinonedisulfonic  acid  either.  Heating  a  mixture  of  the  dry  disodium  salt  of  di¬ 
benzpyrenequinonedisulfonic  acid  with  a  twofold  excess  of  PCI5  at  225*  led  to  a  mixture  of  reaction  products  in 
low  yields  according  to  the  following  scheme,  where  R  is  a  dibenzpyrenequinone  residue; 

,SO,Na  ^SOjNa  ^S)X1 

IK  ^  1:^  — ►  ■ 

^SO  .Na  ^  SOjCI 


The  acid  chlorides  dissolved  only  in  sulfuric  acid  and  they  could  not  be  separated.  As  dibenzpyrenequinone¬ 
disulfonic  acid  was  quite  resistant  to  the  action  of  strong  oxidative  chlorinating  agents,  we  treated  it  with  chlorate 
in  a  hydrochloric— sulfuric  acid  mixture  as  is  used  for  the  replacement  of  sulfonic  acid  groups  by  chlorine  in  an- 
thraquinonesulfinic  acids  [4].  In  our  case  the  reaction  proceeded  with  great  difflculty.and  heating  at  102*  for 
2  hr  led  to  16')t  of  monochlorodibenzpyrenequinonesulfonic  acid  and  8‘)t  of  dichlorodibenzpyrenequinone  (violet 
color  in  sulfur  acid)  with  unchanged  starting  material  remaining  in  solution. 


/SO^N" 

''Sn.,Na 


11/ 


x.\ 


< 


Cl 

Cl 
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The  reaction  of  dibenzpyrenequlnonedlsulfonic  acid  with 
potassium  bromate  In  sulfuric  acid  and  potassium  bromide  pro¬ 
ceeded  analogously.  While  the  bulk  of  the  material  remained 
unchanged,  up  to  10-12‘^  of  bromo  sulfonic  acid  and  5-6*^  of 
dlbfomodlbenzpyrenequlnone  were  obtained. 


,SO,Na 

/ 

^SOjNa 


n 


/ 

\ 


Dr 

SOjNa 


n 


\ 


Dr 

Br 


3.0 


200 


250 


350 


itOO 


A  comparison  of  the  absorption  spectra  in  sulfuric  acid  of 
transdibenzpyrenequinone  aud  the  dibromodibenzpyrenequlnone 
obtained  showed  a  bathochromlc  displacement  of  the  absorption 
maximum  of  22  mp  (from  568  to  590  mp )  due  to  the  bromine 
atoms  introduced.  The  absorption  spectrum  of  the  dibromodi- 
benzpyienequlnone  obtained  from  the  disulfonic  acid  was  identi¬ 
cal  with  that  of  the  purified  dye.vat  golden  yellow  KKh,  which 
is  brominated  dibenzpyrenequinone  [5]  [  590  mp  (in 

HjSO^)].  Thus,  the  positions  of  the  sulfonic  acid  groups  in  di- 
benzpyrenequinonedisulfonic  acid  correspond  to  the  positions  of 
the  bromine  atoms  in  vat  golden  yellow  KKh.  Since  it  is  considered  that  in  the  bromination  of  dibenzpyrene- 
quinonc,  the  bromine  atoms  enter  the  fl,B*-positions,  which  are  most  reactive  [6],  the  structure  of  the  disulfonic 
acid  obtained  corresponds  to  dibenzpytenequinone-5.B*-disulfonic  acid. 


300 

X,  mp 

Absorption  spectrum  of  the  disodium  salt 
of  dibenzpyrenequinone-  fl,fl*“disulfonic 
acid  in  water  (log  c  4.58,  Xq^^^  236  mp; 
log  e  4.42,  Xjjiax  262  mp. 


The  effect  of  the  sulfonic  acid  groups  on  the  color  of  dibenzpyrenequinone  is  opposite  to  and  stronger  than 
that  of  the  bromine  atom:.  Open  alkaline  fusion  at  220-300*  with  potassium  hydroxide  of  both  the  diosodium 
salt  of  dibenzpyrenequinonedisulfonic  acid  and  dibromodibenzpyrenequinone  (vat  golden  yellow  KKh)  y^dlded 
identical  hydroxy  derivatives  (brown  color  in  sulfuric  acid,  X^^^  466  mp  in  alcohol). 

EXPERIMENTAL 

1,  3,4.8,9-Dibenzpyrene-5,10-quinone  was  obtained  by  purification  of  the  technical  product  (vat  golden 
yellow  KKh)  by  repeated  precipitation  from  sulfuric  acid  and  extraction  of  the  washed  and  dried  product  with 
boiling  dioxane.  It  dissolved  in  concentrated  sulfuric  acid  with  a  violet  color  (  X^^^^  568  mp)  and  melted  at 
365*. 

2,  Sulfonation  of  dibenzpyrenequinone.  Into  a  100-ml  three-necked  flask  with  a  stirrer,  reflux  condenser, 
and  mercury  seal  on  an  oil  bath  was  placed  sulfuric  acid,and  dry  dibenzpyrenequinone  (0.025  mole)  gradually 
added  at  50-60*.  The  mass  was  heated  to  a  given  temperature  and  kept  there  for  a  determined  time  until  a 
sample  was  soluble  in  dilute  sodium  hydroxide.  After  the  sulfonation,  the  mixture  was  cooled  to  SO*,  poured 
onto  ice,  and  then  heated  to  70-80*.  The  insoluble  portion  was  collected  by  filtration  and  washed  with  warm 
water  and  then  boiling  sodium  hydroxide  solution.  The  residue  on  the  filter  was  unreacted  dibenzpyrene¬ 
quinone.  The  alkaline  solution  was  made  weakly  acid  with  hydrochloric  acid  and  then  treated  with  saturated 
zinc  chloride  solution  to  liberate  the  zinc  salt.or  with  sodium  sulfate  to  form  the  sodium  salt  of  dibenzpyrene- 
quinonemonosulfonic  acid.  The  main  acid  mother  solution  was  boiled  with  activated  charcoal,  the  sulfuric  acid 
removed  as  calcium  sulfate,  and  the  sulfonic  acids  isolated  as  the  sodium  salt  by  evaporation  of  the  solution. 
The  zinc  salt  of  dibenzpyrenequinonemonosulfonic  acid  crystallized  from  water  as  fine,  yellow-orange  crystals. 
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Found  HjO  9.2.  C4,H220,oS2Zn«  5H2O.  Calculated  ofc:  H2O  9,7, 

Found  Zn  7,8.  C4,H220ioS2Zn,  Calculated  '^i  Zn  7.48, 

The  sodium  salt  crystallized  from  water  as  yellow-orange  rods  with  various  amounts  of  water  of  crystal* 
lization. 

Found  “yc:  H2O  3.5,  C24HuiSNa*  H2O.  Calculated  '>}c:  H2O  3.S, 

Found  <70:  HjO  10.3.  C24Hu05SNa«  3H2O.  Calculated  *7);  H2O  11.0. 

Found  <7::  C  54.12;  H  2.24;  Na  4.9.  C24Ha05SNa.  Calculated  C  53.73;  H  2.0;  Na  5.3. 

The  sodium  salt  of  dibenzpyrcncquinoncdisullonic  acid  was  repiccipitated  repeatedly  from  aqueous  solu¬ 
tion  with  alcohol  and  then  rccrystallized  from  water.  Preliminary  experiments  in  which  a  0.1  N  solution  of  the 
disodium  salt  of  dibcnzpyrenequinonedisulfonic  acid  (A)  was  mixed  with  0.1  N  solutions  of  inorganic  salts  with 
various  cations  showed  that  the  barium,  lead,  and  aluminum  salts  were  most  difficultly  soluble.  The  potassium, 
calcium,  magnesium,  zinc,  cobalt,  nickel,  copper,  iron  (ferrous  and  fenlc),  and  mercurous  salts  were  readily 
soluble. 

Sodium  salt.  The  substance  crystallized  from  water  as  fine  yellow  or  brownish  yellow  needles  with  various 
water  contents.  It  was  insoluble  in  alcohol,  acetic  acid,  acetone,  and  dichloroethane.  Its  solubility  was  0.7  g 
in  100  ml  of  water  (18*), 

Found  <7::  HjO  11.2.  C24Hio08S2Na2*4H20.  Calculated  <7):  H2O  11.84. 

Found  ‘7fl;  H2O  6.2.  C24HiQOgS2Na2  *  2H2O,  Calculated  H2O  6.29. 

Found  *70:  C  53.61;  H  2.13;  Na  8.78.  C24HioO,S2Na2.  Calculated  <7^  C  53.73;  H  1.86;  Na  8.58. 

The  barium  salt  was  obtained  in  the  reaction  of  a  solution  of  (A)  witli  barium  chloride.  It  was  difficultly 
soluble  in  water  and  alcohol  and  crystallized  as  fine,  yellowish  brown  crystals. 

Found  H2O  3,91,  C24Hio05S2Ba*  1,51120,  Calculated  H20  4,12, 

Found  <7c;  Ba  22.0.  C24HioOgS2Ba,  Calculated  *7):  Ba  21.88. 

The  aluminum  salt  was  obtained  by  the  reaction  of  a  solution  of  (A)  with  aluminum  sulfate.  It  was  dif¬ 
ficultly  soluble  in  water  and  crystallized  from  this  solvent  as  fine,  yellowish  brown  grains. 

Found  '7c:  H2O  15.52.  CbH3o024S6A12  *  I5H2O.  Calculated  H2O  15.05. 

Found  '^c‘.  A1  3.78,  C5H3QO24S6AI2.  Calculated  ojoi  A1  3,54, 

All  the  salts  of  dibcnzpyrenequinonedisulfonic  acid  obtained  by  sulfornation  of  dibenzpyrenequinone  with 
mercury  and  without  it  were  identical.  All  the  salts  dissolved  in  concentrated  sulfuric  acid  with  a  red  color. 

Salts  with  amines.  In  a  number  of  cases,  treatment  of  a  0.2  N  solution  of  (A)  with  an  equimolecular  amount 
of  an  aromatic  amine  hydrochloride  yielded  a  precipitate  of  the  salt  of  the  amine  and  dibenzpyrenequinor»- 
disulfonic  acid.  The  salt  with  aniline  was  readily  soluble  in  water.  The  salts  with  o-nitroaniline  (light  yellow 
needles),  m-nitroaniline  (microscopic  light  yellow  needles),  p-toluidine  (reddish  yellow  needles),  benzylthio- 
uronium  long  gray-yellow  needles),  and  o-toluidine  (reddish  yellow  needles)  were  soluble  in  hot  water,  while 
the  salts  with  a-naphthylamlne  (lemon  yellow  needles) ,  fl -naphthyl amine  (yellow  needles),  and  benzidine 
(golden  yellow  rods  or  tablets)  were  very  difficultly  soluble  in  hot  water. 

p-Toluidine  salt. 

Found  <7::  H2O  10.76.  C24HuO,S2  C7H7NH2  2  *  5H2O.  Calculated  H2O  11.3. 

Found:  nitrite  number  262  (ml  of  1  N  NaN02  per  100  g  of  substance),  C24H]202S2(C7H7NH2)f  Calculated: 
nitrite  number  283. 

3.  Replacement  of  sulfonic  acid  groups  by  chlorine  and  bromine  in  dibcnzpyrenequinonedisulfonic  acid. 
a)  A  2-g  sample  of  the  disodium  salt  of  dibcnzpyrenequinonedisulfonic  acid  in  a  mixture  of  hydrochloric  and  sul¬ 
furic  acids  (64  mequiv.  of  HCl  and  560  mequiv.  of  H2SO4)  was  treated  with  15  ml  of  20^  potassium  chlorate 
solution  for  2  hr  at  102*.  The  reddish  yellow  precipitate  was  collected  from  the  hot  solution  and  washed  with 
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alcohol  on  the  filter  until  neutral  to  Congo  paper.  The  product  was  dried  in  a  desiccator  over  alkali,  and  the 
yield  was  30‘^  of  the  weight  of  the  salt  used  for  chlorination.  The  product  was  extracted  with  dioxane.  The 
insoluble  residue  crystallized  from  pyridine  or  nitrobenzene  as  needles.  The  substance  did  not  sublime  or  melt 
and  dissolved  in  concentrated  sulfuric  acid  with  a  violet  color;  the  color  of  a  solution  in  sodium  hydroxide  re> 
duced  with  hydrosulfite  (vat)  was  cherry  red. 

Found  Cl  7.25;  Na  4.90.  C24H,o02iClS03Na2.  Calculated  Cl  7.57;  Na  4.88, 

From  the  dioxane  solution  and  also  the  alcohol  used  for  washing  the  crude  reaction  piouut;t  we  Isolated  a 
small  amount  of  a  greasy  product,  which  was  difficultly  soluble  in  various  solvents  and  most  soluble  in  pyridine, 
nitrobenzene,  toluene,  and  dioxane.  It  sublimed  slightly  as  dark  yellow  needles,  which  dissolved  in  concentrated 
sulfuric  acid  with  a  violet  color. 

Found  Cl  22,1,  C24H10O2CI2.  Calculated  Cl  23,58, 

The  acid  mother  solution  from  chlorination  contained  unreacted  dibenzpyrenequinonedisulfonic  acid. 
Changing  the  chlorination  conditions  did  not  lead  to  an  unequivocal  reaction  or  an  appreciable  increase  in  the 
yields. 

b)  A  1-g  sample  of  the  disodium  salt  of  dibenzpyrenequinonedisulfonic  acid  in  a  solution  of  1  g  of  potas¬ 
sium  bromide  in  100  ml  of  2  N  sulfuric  acid  was  treated  with  20  ml  of  10<^  potassium  bromate  solution,  which 
was  gradually  Introduced  under  the  liquid,  at  102*  for  1.5-2  hr.  The  yellow-red  precipitate  was  collected  from 
the  hot  solution  and  washed  with  hot  water  and  alcohol  until  neutral  to  Congo  paper.  Unchanged  salt  was  iso¬ 
lated  from  the  aqueous  alcohol  solution  and  also  from  the  acid  mother  solution.  The  product  that  was  insoluble 
in  hot  water  and  alcohol  was  extracted  with  dioxane. 

The  residue  dissolved  in  concentrated  sulfuric  acid  with  a  violet  color.  The  vat  was  cherry  red. 

Found  °]ci  Br  15.02;  Na  5.23.  C24Hio02BrS03Na.  Calculated  ’Ici  Br  15,57;  Na  4.46, 

Distillation  of  tire  solvent  from  the  dioxane  solution  yielded  a  greasy  product,  which  solidified  when  dried 
in  a  desiccator  over  alkali,and  dissolved  in  concentrated  sulfurie  acid  with  a  blue  color.  The  vat  was  red. 

Found  ^c:  C  59.32;  K  2.28;  Br  31.72.  C24Hio02Br2.  Calculated  <70;  C  58.79;  H  2.04;  Br  32.62. 

Changing  the  bromination  conditions  did  not  lead  to  an  unequivocal  reaction  or  an  appreciable  iiu:rease 
in  the  yields. 

4.  Alkali  fusion  of  the  disulfonic  acid  and  dibromodibenzpyrenequinone.  A  2-g  sample  of  the  disodium 
salt  of  dibenzpyrenequinonedisulfonic  acid  was  fused  with  12  g  of  KOH  and  1.2  ml  of  water  at  300*  for  1  hr.  The 
alkaline  melt  was  dissolved  in  water  and  the  solution  filtered  free  from  the  dibenzpyrenequinone  formed  (up  to 
28')t)  and  acidified  to  liberate  the  dihydroxydibenzpyrenequinone  (up  to  18,5-19.5*7:),  From  the  acid  solution 
we  isolated  unchanged  disodium  salt  of  dibenzpyrenequinonedisulfonic  acid  (up  to  bO^Sfe).  An  analogous  fusion 
of  dibromodibenzpyrenequinone  (vat  golden  yellow  KKh)  at  220*  for  1  hr  led  to  40*70  of  dihydroxydibenzpyrerje- 
quLnone  and  considerable  tar  formation.  The  alkaline  fusion  of  neither  of  the  substances  was  investigated  in 
detail. 


SUMMARY 

The  sulfonation  of  trans-dibenzpyrenequinone  was  studied  and  the  disulfonic  acid  prepared.  Some  con¬ 
versions  of  this  disulfonic  acid,  to  which  the  structure  of  dibenzpyrenequinone-  8,fl*-disulfc«ic  acid  was  assigned, 
were  carried  out. 
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VIIL  ELECTRONIC  SPECTRA  OF  N-METHYL  AND  N-PHENYL  DERIVATIVES 
OF  NITROBENZENE 
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Original  article  submitted  July  7, 1959 


Judging  by  data  on  dipole  moments  [1],  in  ortho  isomers  of  disubstituted  benzenes  with  the  composition 
NO2C6H4NHR,  where  R  =  CH3  and  CgHg,  there  b  quite  a  strong  intramolecular  hydrogen  bond  involving  the  hy¬ 
drogen  of  the  NH  group. 

In  Older  to  check  the  applicability  of  the  previously  established  [2]  features  of  the  manifestation  of  this 
type  of  bond  in  the  electronic  spectra  of  molecules,  we  measured  the  absorption  in  the  region  of  2200-6000  A 

of  N-methyl-.  N.N-dimcthyl-,  N-phenyl-,  and  N-methyl-N-phenylanilines  and  their  ortho-, 
meta-,  and  para-nitro  derivatives  in  various  solvents:  hexane  (h),  dioxane  (d),  ethanol  (e), 
acetone  (ac),  2N  ethanol  solution  of  sodium  alcoholate  (et),  sulfuric  acid  (esa),  9.8*^ 
aqueous  solution  of  sulfuric  acid  (dsa),  and  HCl-saturated  ethanol  (HCl).  The  absorption 
curves  of  some  of  these  nitro  derivatives  were  measured  previously  [3],  but  only  in  ethanol. 

The  measurements  were  made  with  an  SF-4  spectrophotometer.  The  characteristics  of  the 
absorption  curves  obtained  (the  wavelengths  X  in  mP  and  loge  of  the  maxima  and  inflec¬ 
tions  of  the  bands)  for  derivatives  of  N-methylaniline  are  given  in  Table  1  and  for  deriva¬ 
tives  of  diphenylamine  in  Table  2.  The  tables  also  give  oscillation  strengths  /  and  the  width  b  at  ( *  max/2) 
or  at  log  c  3.0  for  some  bands.  The  absorption  curves  in  hexane  are  given  in  Figs.  1-4^ and  those  in  the  other 
solvents  were  given  in  [4].  The  data  obtained  for  the  position  of  the  band  maxima  in  ethanol  agree  satisfactoril)^ 
as  a  rule,  with  the  measurements  of  other  authors  [3]. 

The  monosubstituted  derivatives  of  benzene  studied  showed  two  intense  absorption  bands  in  hexane  between 
286-296  mM  and  230-254  mM ,  which  differed  appreciably  in  widt'n.  Two  bands  of  this  type  are  observed  for  al¬ 
most  all  monosubstituted  benzenes  [5],  and  the  longwave  band  is  coruiected  with  the  electronic  transitions  Ajg-»B2u> 
localized  in  the  benzene  ring  [6].  This  band,  whose  center  for  benzene  is  at  254  m/i  (e  200),  is  gradually  ais- 
placed  toward  longer  wavelengths  with  an  increase  in  the  electron-donor  properties  of  the  substituent  and  is  evi¬ 
dently  at  the  longest  wavelengths  for  the  methylamino.  dimethylamino.  phenylamino,  and  methylphenylamino 
derivatives  of  benzene  examined.  Precisely  this  explanation  of  the  nature  of  this  band  is  supported  by  the  fol¬ 
lowing:  the  considerable  increase  in  the  intensity  of  its  maximum  with  an  increase  in  the  number  of  benzene 
rings  (diphenylamine  and  N-methyldiphenylamine  in  comparison  with  methyl-  and  dimethylanilines.  respect¬ 
ively);  the  comparatively  slight  effect  of  polar  solvents  on  the  position  of  this  band  (a  displacement  of  not  mote 
than  2  mft  as  a  rule);  the  sharp  fall  in  intensity  and  the  displacement  toward  short  wavelengths  to  values  of  X 
and  €  close  to  those  for  this  band  for  unsubstituted  benzene  during  salt  formation  involving  the  p-electrons  of 
the  amino  group  nitrogen,  whereby  in  dilute  acids  (9.8‘^  sulfuric  acid  or  HCl-saturated  ethanol),  apparently  due 
to  incomplete  salt  formation,  the  curves  of  some  monosubstituted  derivatives  show  bands  of  A^g  u«nsitions. 


! 

1 

o 


3735 


TABLE  1 

Characteristics  of  the  Bands  and  Inflections  of  the  Absorption  Curves  of  Dlsubstltuted  Derivatives  with  the  Composition  XQHiNfYlCHi 
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TABLE  1  (continued) 
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TABLE  2 

% 

Characteristics  of  the  Bands  and  Inflections  of  the  Absorption  Curves  of  Disubstituted  Derivatives  with  the  Composition  XC^H^NfYX^H^ 


I  I  I  I 


S  8  2  8 

|°S  SoSsS  ,85 


00  tn  tn 

csi  o  o 

^oo^inoo  aoa>  a»o 

I  I  I  I  I  I  I  S.05  S-*-:  o>  I  00  S-C'j  I 

'''''''  oofooosrri  'coco  SNieoc3>eoco  '  oico 

O  CJ>  oi  — 


lA  O  cO  kO  O  I 
esj  evj  CM  :o  | 


vr  oj  lO  X  t'-  »r> 

35  C^  lO  00  I 

cjcMCMoicMCM  ' 


CM  CM  CM  '  CM  CM 


'  CMCM^  • 


I  I  I  I  I  I  I  I  I  888  |888  | 

'''''''  tomtOtomco  '  '  '«»cO'm>  ' 


CM  <M 

w  €»  •»  iJ 
jis-o  •)  «)u'a X 


o  «asy  ^  o ay 

jc-ovia  tfu-oX  j3’o«)c««>o-aX 


TABLE  2  (continued) 
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Fig.  1.  Absorption  spectra  in  hexane.  1) 
N-Methylaniline;  2)  o-nitro-N-ciethyl- 
aniline;  3)  m-nitro-N-methylaniline;  4) 
p-n  itro-N-  methylaniline. 
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Fig.  2.  Absorption  spectra  in  hexane.  1) 
N-Dimethylaniline;  2)  o-nitro-N-dimethyl 
aniline;  3)  m-nitro-N-dimethylaniline;  4) 
p-nitro-N-  dimethylaniline. 
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Fig.  3.  Absorption  spectra  in  hexane.  1) 
Diphenylamine;  2)  o-nitrodiphenyl* 
amine;  3)  m-nitrodiphenylamine;  4)  p- 
n  itr  odiphenyl  am  ine. 


of  both  unsubstituted  and  substituted  benzenes  (some* 
times  displaced  somewhat  toward  short  wavelengths) 
with  a  sharp  fall  in  the  intensity  of  the  latter. 

The  shortwave  bands  of  the  m  on  substituted  deriva¬ 
tives  studied,  like  that  of  aniline  (at  230  mp  and  e 
7000  in  hexane),  are  bands  not  of  \a  '*  ®2u  electronic 
transitions  in  the  ring  [5].  but  N  -♦  v  (7]  or  tr  -•  fp* 

[  8]  transitions,  accompanied  by  transfer  of  charge  or 
optical  excitation  from  the  functional  group  to  the  ring, 
with  the  participation  of  the  p-electrons  of  the  amino 
group  nitrogen  in  this  transfer  for  the  compounds  ex¬ 
amined.  This  results  in  the  great  sensitivity  of  this 
hand  to  changes  in  the  amino  group,  its  absence  in  acid 
media  due  to  binding  of  these  p-electrons,  and  a  num¬ 
ber  of  other  characteristics,  which  will  be  presented 
below. 


The  introduction  of  a  nitro  group  into  the  ring  of 
the  monosubstituted  derivatives  examined  produces 
only  comparatively  slight  changes  in  the  position  of 
the  band  of  the  N  -•  v  transitions  mentioned  above  in¬ 
volving  the  p-electrons  of  the  NHR  or  NRj  groups  (BC5H5NRCH5  ^CeHsNRCji^  bands).  The  fact  that  this  band 
for  the  nitro  derivatives  has  the  same  nature  as  for  the  starting  amino  compounds  is  demonstrated  by  its  absence 
when  salts  are  formed  (in  concentrated  sulfuric  acid).  The  band  (or  inflection)  between  260  and  280  m/i,  which 
is  observed  for  all  nitro  derivatives  studied,  cannot  be  regarded  as  the  band  of  A|g  B2U  transitions  of  mono¬ 
substituted  derivatives  displaced  toward  short  wavelengths  as  it  has  somewhat  different  characteristics,  namelyt 
a)  it  is  displaced  appreciably  toward  long  wavelengths  with  a  change  from  nonpolar  to  polar  solvents  (by  6-13 
mp  with  a  change  from  hexane  to  ethanol);  b)  in  concentrated  sulfuric  acid  where  there  is  salt  formation  it  re¬ 
mains  and  in  some  cases  the  intensity  is  even  increased.  These  characteristics  indicate  that  this  band  is  a  charge* 
transfer  band;too,  more  specifically,  because  it  occurs  with  nitroanilines  [2]  and  other  nitro  compounds,  includ¬ 
ing  unsubstituted  nitrobenzene  (in  hexane  at  252  mp  and  c  10,000  and  in  ethanol  at  260  mp  and  c  8240)  [9], 
the  band  of  N  -•  v  transitions  involving  e -electrons  of  the  nitro  group  and  the  benzene  ting  [10, 11]  (BqHjNQj 


3740 


band).  The  closeness  of  this  band  to  the  band  of  A^g  -^Bju 
transitions  in  the  ring  may  lead  to  their  superposition,  which 
explains  its  slight  displacement  toward  long  wavelengths  in 
nitroanilines  in  comparison  with  nitrobenzene. 

With  all  the  nitroanilines  studied,  the  absorption  curve 
showed  a  new,  intense  (in  hexane  log  c  3.2-4. 4),  ex¬ 

tremely  wide  [as  a  rule,  b  (  c  ni/2)  varied  between  500  and 
900  A],  and  almost  symmetrical  band  with  a  maximum  be¬ 
tween  350  and  430  mM ,  which  was  absent  from  the  curvet 
of  monosubstituted  derivatives.  As  was  shown  previously 
[2, 10],  this  type  of  band  (band  A)  is  characteristic  only  of 
disubstituted  derivatives  containing  functional  groups  with 
opposite  electrical  conjugation  effects,  and  in  origin  it  cor¬ 
responds  to  bands  of  charge  transfer  involving  p-  and  ir  - 
electrons  of  the  two  functional  groups,  i.e.,  electron-donor 
and  electron- acceptor  groups.  This  is  indicated  by  the  fact 
that  this  band  depends  considerably  on  the  relative  position 
of  the  substituents  with  ^max(o-)  “  ^max(p-)  reaching 
75  m/i,  while  for  B  bands,  the  difference  in  the  position  of 
the  maxima  for  isomers  reaches  a  maximum  of  20  mfx  and 
is  generally  less  than  10  mM.  The  relative  position  of  the 
substituents  has  a  particularly  strong  effect  on  the  intensity 
of  this  band;  for  para  isomers,  which  should  show  the  greatest  change  in  dipole  moment  with  tills  type  of  charge 
transfer,  the  intensity  of  tliis  band  is  greatest,  and  its  oscillation  strength  exceeds  that  of  the  meta  isomer  by  a 
factor  of  4-10;  it  is  least  for  the  meta  isomer,where  the  possibility  of  this  charge  transfer  is  almost  absent  in  the 
ground  state.  The  band  examined  is  also  affected  strongly  by  the  steric  effect  [12]  produced  by  departure  of  the 
functional  groups  from  coplanarity  and  hence  a  reduction  in  the  iniensityof  charge  transfer  involving  electrons 
of  these  groups.  Thus,  (f  ©-A  p-)  (in  hexane)  for  band  A  for  nitromethylanilines  and  nitrodiphenylamine>is 
0.58  and  0.77,  while  for  nitrodimethylamines  it  is  0.20  and  0.18,  respectively.  All  this  emphasizes  the  more  so 
the  characteristic  of  the  band  examined,  namely  that  for  all  B  bands  (bands  of  charge  transfer  involving  elec¬ 
trons  of  only  one  of  the  functional  groups)  the  intensity  for  the  para  isomers  is,  on  the  contrary,  less  than  for 
meta  and  ortho  isomers.  The  more  considerable  increase  in  the  polarity  of  the  molecule  in  the  excited  state  with 
the  simultaneous  participation  of  the  electron-donor  and  electron-acceptor  groups  in  the  charge  transfer  also 
leads  to  a  considerable  Increase  in  the  effect  of  polar  solvents  in  displacing  the  corresponding  band  toward  long 
wavelength^ with  the  displacement  reaching  25-50  mM  for  the  compounds  examined  and  being  especially  large 
for  precisely  the  para  isomer.  Moreover,  this  band  disappears  or  is  sharply  reduced  in  intensity  in  media  in  which 
complete  or  partial  salt  formation  is  possible  with  binding  of  the  p-electron  of  the  amino  group  nitrogen  and 
consequently  elimination  of  this  interaction  of  the  substituents  both  in  the  ground  and  excited  states  for  all  or 
part  of  the  molecules.  The  given  nature  of  this  band  may  explain  its  considerable  width,  which  is  produced  by 
a  decrease  in  the  lifetime  of  the  molecule  in  the  excited  state  due  to  rapid  transfer  of  the  absorbed  light  quan¬ 
tum  along  the  conjugation  chain  and  hence  the  possibility  of  rapid  nonradiative  scattering  of  the  excitation 
energy. 

The  absorption  curve  of  a  substituted  nitrobenzene  has  a  low- intensity,  longwave  inflection  (at  X  330  m|X 
and  €  250  in  isooctane  and  X  345  mM  and  e  8000  in  concentrated  sulfuric  acid  [1]),  which  is  usually  ascribed 
to  p  -*>  It  •  transitions  localized  in  the  nitro  group  [13].  All  the  nitro  compounds  studied  also  show  a  more  or 
less  clearly  expressed,  low -intensity,  longwave  Inflection.  However,  it  is  at  appreciably  longer  wavelengths 
than  for  nitrobenzene  (at  420-550  m/i)  and  does  not  have  many  of  the  characteristics  normally  attributed  to 
p  -•  tr  transitions  [13, 14].  Thus,  the  wavelength  of  the  inflection  depends  on  the  relative  position  of  the  sub¬ 
stituents  (Table  3)  and  also  on  the  possibility  of  the  effect  on  the  ring  of  the  p-electrons  of  the  amino  group:  in 
concentrated  sulfuric  acid,  the  inflection  considered  is  either  absent  or  replaced  by  another  which  occupies  al¬ 
most  the  same  position  as  that  of  unsubstituted  nitrobenzene  in  sulfuric  acid.  Moreover,  in  polar  solvents  this 
inflection  is  displaced  not  toward  short,  but  long  wavelengths  (Table  3),and  this  occurs  in  nonpolar  dioxane  in 
the  case  of  nitrodimethylamines  and  nitro-N-methyldiphenylamines  and  consequently  cannot  be  simply  the 
effect  of  complex  formation  due  to  hydrogen  bonds  [13].  The  inflection  examined  (and  possibly  the  inflection 
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Fig.  4.  Absorption  spectra  in  hexane.  1)  N- 
Methyldiphenylamine;  2)  o- nitro-N- methyl - 
diphcnylamine;  3)  p-nltro-N-methyldiphenyl- 
amine. 
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TABLE  3 

Relations  of  X  ( AX  in  mi*  )•  /  and  b  of  Isomers  In  Hexane 
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of  unsubstituted  nitrobenzene)  is  evidently  connected  not  with  p  -* 

—  X  • ,  but  X  -•  X  •  transitions  [8,  lS],which  are  also  localized 
in  the  nitro  group. 

The  data  obtained  for  absorption  in  concentrated  and  dilute 
acids  indicate  the  strength  of  the  salts  formed  by  various  nitro  com' 
pounds.  Thus,  from  these  data  it  follows  that  there  is  hardly  any 
salt  formation  with  nitrodiphenylamines  and  nitro-N-mcthyldiphenyl- 
amines,  especially  in  HCl-sa:uratcd  ethanol,  and  that  with  the  latter 
(and  possibly  p-nitrodlphenylamine)  the  tendency  for  salt  formation 
is  sharply  reduced  in  concentrated  sulfuric  acid.  Evidently  depend¬ 
ing  on  the  basicity  of  the  starting  nitro  amino  compound,  in  dilute 
acids  there  is  complete  or  partial  (reduction  in  intensity)  restoration 
of  the  curve  in  ethanol  or  water.  In  some  cases  (with  m-nitromethyl- 
aniline  and  o-nitrodimethylaniline)  the  curve  then  partly  shows  both 
bands  of  nitrobenzene  and  also  bands  of  nitro  amino  compounds  with 
an  appreciable  reduction  in  their  intensity. 

o-Nitromethylaniline  and  o-nitrodiphcnylamine  are  com¬ 
pounds  which,  as  was  pointed  out  above,  are  considered  to  have  an 
intramolecular  hydrogen  bond.and  in  contrast  to  o-nitrodimethyl- 
aniline  and  o-niiro-N-methyldiphenylamine,  they  show  the  same 
absorption  characteristics  as  other  compounds  with  iliis  type  of  bond. 

As  follows  from  the  data  in  Table  3,  band  A  of  n-nitromethylaniline 
and  o-nitrodiphenylamine  is  displaced  toward  long  wavelengths  in 
comparison  with  that  of  the  isomers,  is  appreciably  widened,  and  • 
has  quite  a  high  oscillation  strength  (close  to  that  of  the  para  isomer). 
Band  A  of  these  compounds  also  undergoes  an  appreciably  smaller 
displacement  toward  long  wavelengths  than  with  the  isomers  when 
the  hydrocarbon  solvent  is  replaced  by  a  hydroxyl-containing  sol¬ 
vent.  The  presence  of  an  intramolecular  hydrogen  bond  also  ap¬ 
parently  has  an  appreciable  effect  on  the  longwave  inflection  as 
the  latter  shows  most  of  the  characteristics  given  for  band  A.  The 
peculiarity  of  the  ortho  compounds  examined  is  shown  by  the  fact 
that  with  C5Hi(Np2)N(CH3)R  as  compared  with  CjHifNOjlNHR,  in 
the  case  of  the  ortho  isomers  there  is  a  displacement  of  the  long¬ 
wave  inflection  and  band  A  toward  short  wavelengths, and  in  the 
case  of  the  meta  and  para  isomers,  on  the  contrary,  there  Is  a  dis¬ 
placement  toward  long  wavelengths.  With  the  former  there  is  a 
sharp  fall  in  the  oscillation  strength  and  narrowing,  while  these 
characteristics  of  band  A  remain  almost  unchanged  with  the  meta 
and  para  isomers.  These  characteristics  of  the  effect  of  the  intra¬ 
molecular  hydrogen  bond  indicate  the  higher  strength  of  this  bond 
in  the  excited  state  than  in  the  ground  state  [16],  which  evidently 
promotes  to  a  particularly  large  extent  during  excitation  the  charge 
transfer  involving  both  the  electron-donor  and  electron-acceptor 
groups.  Therefore,  the  intramolecular  hydrogen  bond  has  a  consider¬ 
able  effect  on  band  A  and  an  appreciably  smaller  effect  on  the  other 
absorption  bands  of  the  compounds  examined. 

SUMMARY 

1.  The  absorption  curves  of  N-methylaniline,  N.N-dlmethyl- 
aniline,  diphenylamine,  and  N-methyIdiphenylamine  and  their  ortho-, 
meta-,  and  para-nitro  derivatives  in  various  solvents  were  measured. 
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It  was  shown  that  their  absorption  bands  may  be  ascribed  to  A^g  -•  B2U  transitions  in  the  ring,  N  —  ^  transitions 
with  charge  transfer  from  the  ring  to  the  substituent  or,  on  the  other  hand,  from  one  functional  group  to  another, 
and  also  to  p-*»t*(or  »-•»•)  transitions  localized  in  the  nitro  group, 

2,  The  characteristics  of  the  absorption  of  o-nltromethylaniline  and  o*-nitrodiphenylamine  confirm  that 
these  molecules  contain  an  intramolecular  hydrogen  bond. 

LITERATURE  CITED 

1.  A,  E,  Lutskii  and  B.  P,  Kondratenko,  Zhur.  Fiz.  Khim.  2017  (1959), 

2.  A,  E,  Lutskii,  Zhur.  Fiz.  Khim.  1^,  282,  286  (1945);  b)  A,  E,  Lutskii  and  V,  V,  Dorofeev,  Zhur.  Obshchel 
Khim.  1059,  1064,  1303  (1957);  c)  A,  E.  Lutskii,  Material  of  the  Tenth  Conference  on  Spectroscopy 
[in  Russian]  (1957)  Vol.  I,  p,  196;  d)  A.  E.  Lutskii  and  V.  T.  Alekseeva,  Zhur.  Obshchel  Khim.  29,  292 
(1959). 

3.  R.  Morton  and  A,  McGookin,  J,  Chem,  Soc,  901  (1934);  W,  Kumler,  J,  Am.  Chem.  Soc,  6^  1184  (1946); 

P,  Gramaticakis,  Bull.  Soc.  Chim.  158  (1950);  220  (1951);  E.  Marvel  et  al.,  J,  Am.  Chem.  Soc.  79.  1076 
(1957);  M,  Dewar  and  D.  Urch.  J.  Chem.  Soc.  3079  (1958);  P.  P.  Shorygin  and  Z.  S,  Egorova,  Doklady  Akad. 
Nauk  SSSR  m,  763  (1958). 

4.  V.  N.  Konel'skaya,  Dissertation  [in  Russian]  (Khar’kov  Polytechnic  Inst.,  1950). 

5.  L.  Poub  and  J,  Vandenbelt,  J,  Am.  Chem.  Soc.  69,  2714  (1947), 

6.  J.  Tanaka.  S,  Nagakura.  and  M.  Kobayashi.  J,  Chem,  Phys,  M,  311  (1956), 

7.  A,  N.  Terenin,  Photochemistry  of  Dyes  [in  Russian]  (Izd,  AN  SSSR,  1947)  pp,  34,  49,  50  (1947);  S,  Naga¬ 
kura,  J,  Chem.  Phys,  1441  (1955). 

8.  H,  Jaffe,  Si-Jung  Yen,  and  R,  Gardner.  Molec,  Spectr,  2,  120  (1958). 

9.  N.  Bayliss  and  E,  McRae,  J.  Phys,  Chem.  ^  1006  (1954), 

10.  S.  Nagakura,  J.  Chem.  Phys.  22,  236  (1954);  ^  1274  (1957). 

11.  W.  Schubert,  L  Robins,  and  1,  Harm,  J,  Am,  Chem.  Soc,  79,  910  (1957), 

12.  W,  Remington,  J,  Am.  Chem.  Soc,  67,  1838  (1945), 

13.  H.  McConnell,  J.  Chem.  Phys.  20,  700  (1952). 

14.  M.  Kasha,  Disc,  Farad,  Soc,  14  (1950);  G.  Brealy  and  M,  Kasha,  J,  Am,  Chem.  Soc.  77,  4462  (1955), 

15.  W,  Maier,  A.  Soupe,  and  A.  Englcrt,  Z,  Phys,  Chem.  10,  273  (1957), 

16.  G.  Pimentel,  J,  Am,  Chem.  Soc.  T^,  3323  (1957). 


All  abbreviations  cf  periodicals  in  the  above  bibliography  are  letter-by*letter  transliter¬ 
ations  of  the  abbreviations  as  given  in  the  original  Russian  journal.  Some  or  all  of  thia  peri¬ 
odical  literature  may  well  be  available  in  Engliah  translation.  A  complete  list  of  the  cover- to* 
cover  English  translations  appears  at  the  back  of  this  issue. 


3743 


INTRAMOLECULAR  HYDROGEN  BOND  AND  ULTRAVIOLET 
ABSORPTION  SPECTRA 


DC.  NITROACETANILIDES  AND  NITRO-N-ACETYLDIPHENYLAMINES 

A.  E.  Lutskii,  V.  N.  Konel'skaya,  and  B.  P.  Kondratenko 

Khar*kov  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimii,  Vol,  30,  No.  11,  pp.  3782-3789, 

November,  1960 

Original  article  submitted  July  7, 1959 

The  electronic  spectra  of  nitroacetanilides  and  nitro-N-acetyldiphenylamines  are  of  interest  in  connec¬ 
tion  with  the  elucidation  of  the  nature  of  electronic  transitions  connected  with  the  different  absorption  bands  and 
also  in  connection  with  the  determination  of  the  effect  of  an  intramolecular  hydrogen  bond  on  absorption. 

The  presence  of  the  latter  in  o-niiroacetanilide  follows  from  its  dipole  moment  [1],  electrochemical  behavior 
[2],  and  absorption  in  ethanol  [3],  We  used  an  SF-4  spectrophotometer  to  measure  the  absorption  of 
acetanilide  and  N-acetyldiphenylamine  and  their  ortho-,  meta-,  and  para-nitro  derivatives  in  the  following  sol¬ 
vents:  hexane  (h)  (apart  from  the  Insoluble  m-  and  p- nitroacetanilides),  dioxane  (d),  ethanol  (e),  2  N  ethanol 
solution  of  sodium  alcoholate  (et),  concentrated  (98‘^)  sulfuric  acid  (esa),  dilute  (9.8<)())  sulfuric  acid  (dsa),  and 
ethanol  saturated  with  gaseous  HCl  (HCl),  Some  of  the  absorption  curves  are  given  in  Figs.  1-5  and  the  others 
were  given  in  [4],  The  characteristics  of  the  bands  and  inflections  of  the  absorption  curves,  namely  the  wave¬ 
lengths  ( X  in  mp)  of  the  maxima  and  inflections,  the  oscillation  strength  (/)  and  width  (b)  at  <  m *  m 
Is  the  extinction  of  the  maximum)  or  at  log  €  3.0,  are  given  in  Table  1.  The  values  obtained  for  the  positions 
of  the  maxima  and  inflections  of  the  bands  of  the  substances  studied  in  ethanol  deviate  from  literature  data  [3, 

5,  6,  7]  only  in  some  cases  and  by  a  maximum  of  i  2-3  mM. 

In  the  number  of  bands,  the  absorption  curves  of  the  compounds  studied  were  mainly  the  same  as  those  of 
the  starting  compounds,  namely,  aniline  and  diphenylamine  and  their  nitro  derivatives  [8,  9].  On  the  basis  of 
the  values  of  c  n^,  it  is  assumed  [3]  that  the  bands  of  the  compounds  examined  are  the  absorption  bands  of  ben¬ 
zene  itself  displaced  toward  long  wavelengths,  namely  the  bands  at  220-250  mp  of  acetanilide  and  its  nitro 
derivatives  are  derived  from  the  band  of  benzene  203,5  mp  (Ajg  -•  Bju  transitions),and  the  bands  with  a  maxi¬ 
mum  at  300-350  mp  of  o-  and  m -nitroacetanilides  are  derived  from  the  band  of  benzene  at  254  mp  (Ajg-^Bjy 
transitions).  The  band  with  a  maxium  at  316  mp  of  p-nitroacetanilide  belong$  to  the  former  [3].  However, 
even  with  nitio-N-acetyldiphenylamines,  the  position  (X^^)  of  this  band  in  ethanol  for  the  meta  and  para  iso¬ 
mers  is  the  same;  this  type  of  band  of  para-nitro  derivatives  is  the  same  in  properties  (width,  disappearance  on 
salt  formation,  etc.),  as  the  corresponding  longwave  bands  (  at  308-350  mp )  of  the  ortho-  and  meta-nitro  deriva¬ 
tives.  These  bands  likewise  caruiot  be  considered  as  a  displaced  second  band  of  benzene  at  254  mp.  This  fol¬ 
lows  from  the  considerable  dependence  of  the  characteristics  of  these  bands  in  hexane  (Xj^ax*  *  max*  ^ ) 
on  the  relative  position  of  the  substituents,  on  the  type  of  solvent  (appreciable  displacement  toward  long  wave¬ 
lengths  in  dioxane).  and  on  the  nature  of  the  functional  groups  (Table  2).  These  characteristics  indicate  the 
different  origin  of  the  bands  examined,  namely  their  connection,  as  in  the  case  of  disubstituted  benzenes  with 
one  electron-donor  and  one  electron -acceptor  group  studied  previously  [8],  with  the  transfer  of  charge  from  one 
functional  group  to  the  other  through  the  ir  -electron  system  of  the  benzene  ring  during  excitation  (band  A).  The 
somewhat  different  effect  of  ethanol  on  these  bands  of  the  acetyl  derivatives  (displacement  toward  short  rather 
than  long  wavelengths)  is  apparently  connected  with  the  capacity  of  the  acetyl  group  to  interact  with  ethanol 
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Fig.  1.  Absorption  spectra  In  ethanol.  1)  N- 
Acetylanillne;  2)  o-nitro-N-acetylaniline;  3) 
m-nitro-N-acetylaniline;  4)  p-nitro-N-acetyl- 
aniline;  5)  N-acetylanillne  In  hexane;  6)  o- 
nltro-N-acetylanlline  In  hexane. 
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Fig.  2.  Absorption  spectra  in  hexane.  1)  N- 
Acetyldiphenylatnlne;  2)  o- nitro-N- acetyl - 
diphenylamlne;  3)  m-nitro-N-acetyldiphenyl- 
amine;  4)  p-nitro-N-acetyldlphenylamlne. 


Fig.  3.  Absorption  spectra  in  ethanol.  1)  N-  Fig.  4.  Absorption  spectra  in  cone.  H2SO4.  1) 

Acetyldiphenylamine;  2)  o-nitro-N-acetyl-  N-Acetylaniline;  2)  o-nitro-N-acetylanilInc; 

diphenylamlne;  3)  m-nitro-N-acetyldiphenyl-  3)  m-nitro-N-acetylaniline;  4)  p-nitro-N- 

amine;  4)  p-nitro-N-acetyldiphenylamine.  acetylaniline. 

molecules.  The  appreciable  sensitivity  to  the  nature  of  the  functional  group,  like  the  disappearance  (or  reduc¬ 
tion  in  e  on  salt  formation,  indicates  that  the  shortwave  band  is  not  a  band  of  electronic  transitions  localized 
in  the  ring,  but  a  band  of  charge  transfer  involving  p-electrons  of  the  nitrogen  of  the  amino  groups  (band  B). 

The  introduction  of  an  N-acetyl  group  into  the  starting  amino  or  N-phenylamino  derivatives  of  benzene 
produces  (Table  2)  [3.  9-11]  a  sharp  displacement  of  the  longwave  inflection  and  band  A  toward  short  wave¬ 
lengths  with  an  appreciable  reduction  in  both  the  width  and  oscillation  strength  of  the  latter.  The  B  bands  are 
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then  displaced  to  a  considerably  smaller  extent  and,  on  the 
contrary,  generally  toward  long  wavelengths.  The  acetyl 
group  at  the  amino  group  nitrogen  reduces  the  tendency 
of  the  p-electrons  of  this  atom  for  displacement  to  the  ring. 
The  presence  of  this  group  evidently  decreases  the  inter¬ 
action  of  the  functional  groups  to  a  different  extent  in  the 
ground  and  excited  states  so  that  the  difference  in  the 
energy  levels  for  charge  transfer  from  one  function  group 
to  the  other  increases,  while  that  for  charge  transfer  from 
the  amino  group  to  the  ring  decreases  in  most  cases. 

From  the  data  In  Table  1  It  follows  that  in  2  N  sod¬ 
ium  ethanolate  the  absorption  curves  of  all  the  compounds 
investigated,  especially  the  nitro  derivatives,  undergo  sub¬ 
stantial  changes.  In  number  and  position  (  and  e 
of  the  bands,  the  curves  are  identical  with  those  of  the 
compounds  without  an  acetyl  group,  l.c.,  in  the  case  of 
acetanilide  and  its  nitro  derivatives,  identical  to  the  curve 
of  aniline  and  its  nitro  derivatives  in  ethanol  [8,  6],and 
in  the  case  of  N-acetyldiphenylamine  and  its  nitro  deriva¬ 
tives,  identical  to  those  of  diphenylaminc  and  nitrodi- 
pbcnylamines  in  ethanol  or  sodium  ethanolate  [9].  The 
acetyl  compounds  studied  evidently  undergo  almost  com¬ 
plete  alcoholysis  in  ethanolate  solution,and  this  agrees 
with  their  normal  behavior  in  the  medium  examined  [12], 

In  the  case  of  salt  formation  involving  the  p-electrons  of  the  amino  group,  the  absorption  curve  of  the  com¬ 
pounds  examined  must  undergo  a  substantial  change.and  in  the  case  of  monosubsiituied  derivatives  it  must  ap¬ 
proach  that  of  benzene,  while  with  nitro  amines  it  must  approach  that  of  nitrobenzene.  In  actual  fact,  in  con¬ 
centrated  sulfuric  acid  the  absorption  curve  of  all  the  nitro  compounds  studied  is  displaced  toward  short  wave¬ 
lengths  and  consists,  as  in  tlie  case  of  nitrobenzene  in  tliis  medium  [13],  of  a  longwave,  low-intensity  inflection 
between  350  and  390  mM  (log  c  2.5-2,9)  and  a  band  In  the  region  of  268-290  mp  (log  €  3,8-4.3)  (for  nitro¬ 
benzene  the  inflection  is  at~345  mM  with  log  c  2.9  and  tlie  band  at  286  mM  with  log  €  4.03),  Band  A  is  ab¬ 
sent  from  the  curve;  in  most  cases  the  band  BC5H5NHCOCH3  absent.  In  dilute  sulfuric  acid  there  is  only 

partial  salt  formation, as  follows  from  the  appearance  on  the  curve  of  the  same  absorption  bands  as  in  hexane  but 
with  an  appreciably  lower  intensity.  In  the  case  of  o-nitroacetanilide  in  dilute  sulfuric  acid,  as  in  sodium 
ethanolate,  there  is  the  possibility  of  elimination  of  the  acetyl  group.  In  the  case  of  nitro-N-acetyldiphenyl- 
amines  inan  ethanol  solution  of  HCl  of  the  concentration  used,  salt  formation  is  evidently  completely  absent 
since  the  absorption  curve  in  this  medium  is  the  same  as  that  in  ethanol  with  respect  toc  max*  Th®  same  follows 
for  the  monosubstitute d  derivatives  examined  in  concentrated  sulfuric  acid,where  salt  formation  is  apparently 
almost  absent  [14], 

o-Nitroacetanilide  shows  a  series  of  spectral  peculiarities  in  comparison  with  its  isomers.  Thus,  the  maxi¬ 
mum  of  band  A  of  o-nitroacetanilide  is  appreciably  displaced  toward  long  wavelengths  in  comparison  with  the 
meta  and  para  isomers  and  to  a  considerably  greater  extent  than  for  o-nitro-N-acetyldiphenylamine;  the  oscil¬ 
lation  strength  of  this  band  of  o-nitroacetanilide  is  greater  than  that- of  the  meta  isomer,  while  those  of  nitro- 
N-acetyldiphenylamines  are  comparable  with  each  other;  band  A  of  o-nitroacetanilide  is  wider  than  that  of  the 
para  isomer;  in  ethanol  as  compared  with  hexane,  this  band  is  displaced  toward  short  wavelengths  to  a  considerably 
greater  extent  than  for  the  isomers  (meta-),  while  for  nitro-N-acetyldiphenylamines,  it  is  displaced  in  the  saoie 
direction  to  the  same  extent  for  all  the  isomers. 

With  the  replacement  of  hydrogen  of  nitroacetanilidcs  by  a  phenyl  group,  in  the  ortho  isomer  there  is  a 
sharp  displacement  of  band  A  toward  short  wavelengths,  while  with  the  para  isomer  the  position  of  this  band  is 
completely  unchanged  (Table  3).  As  was  shown  previously  [8,  9, 10, 15],  all  these  relations  are  characterbtic 
of  compounds  with  an  intramolecular  hydrogen  bond  in  the  ortho  isomer;  evidently  as  a  result  of  the  charac¬ 
teristics  of  the  N-acetyl  group,  the  effect  of  this  type  of  bond  in  nitroacetanilides  appears  less  sharply  than  in 
nitromethylanilines  and  nitrodiphenylamines,  for  example  (see  [9]). 
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Fig.  5.  Absorption  spectra  in  cone,  H2SO4.  1) 
N-Aceiyldiphenylamlne;  2)  o-nltro-N-acetyl- 
diphenylamine;  3)  m-nitro-N-acetyldiphenyl- 
aminc;  4)  p-nitro-N-acetyldiphenylamine. 
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TABLE  1  (continued) 
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TABLE  2 


AX(m|i)  =  ^xCsHtN(Y)COCH,  "  ^XCsH4N(Y)H 
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TABLE  3 

Relations  of  X  (  AX  In  mp )  and  /  for  Bands  A  of  Isomers 
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SUMMARY 

1.  On  the  basis  of  data  on  the  visible  and  ultraviolet  absorption  of  acetanilide,  N-acetyldipheny!aminc, 
and  their  ortho-,  meta-,  and  para-nitro  derivatives  in  various  solvents  it  was  established  that  the  introduction 
of  an  N-acetyl  group  produces  a  considerable  displacement  of  the  longwave  inflection  and  the  longwave  band 
(A)  tov^ard  short  wavelengths,  while,  on  the  contrary,  the  shortwave  band  (B)  is  generally  displaced  toward  long 
wavelengths;  the  effect  of  various  polar  solvents  on  the  position  of  the  absorption  bands  is  appreciably  reduced 
with  acetyl  compounds. 

2.  Nitroacetanilides  and  nitro-N-diphenylamines  undergo  almost  complete  alcoholysis  in  2  N  ethanol 
solution  of  sodium  alcoholate;  the  introduction  of  a  nitro  group  into  acetanilide  and  N-acetyldiphenylamines 
increases  the  tendency  of  the  N-acetyl  group  to  participate  in  salt  formation  in  concentrated  and  dilute  sulfuric 
acid. 

3.  o-Niuoacetanilide  shows  the  same  spectral  characteristics  as  other  compounds  with  an  inuamolecular 
hydrogen  bond. 
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ELECTRONIC  SPECTRA  OF  AROMATIC  N  IT  ROS  O  A  M INES 

A.  E.  Lutskil,  V.  N.  Konel*skaya,  and  P.  M.  Bugai 
Khar'kov  Polytechnic  Institute 

Translated  from  Zhurnal  Obshchei  Khimli,  Vol,  30,  No,  11,  pp.  3789-3795, 
November,  1960 

Original  article  submitted  July  7, 1959 


For  elucidating  the  character  of  the  reaction  of  the  unshared  p- electrons  of  an  N-nitrosoamino  group  nitro¬ 
gen  with  the  f -electronic  system  of  aromatic  rings  [1]  we  measured  the  absorption  in  the  region  of  2200-7000  A 
(on  an  SF-4  spectrophotometer)  of  N-nitroso-N-methylaniline  and  N-nitrosodiphenylamine  and  their  ortho-, 
meta-,  and  para-nitro  derivatives  in  the  following  solvents;  hexane  (h),  ethanol  (e),  dloxane  (d),  2  N  alcohol 
solution  of  sodium  alcoholate  (et).  concentrated  (98<^)  sulfuric  acid  (esa),  and  dilute  (9.8<)t)  aqueous  sulfuric 
acid  (dsa)  and  also  ethanol  saturated  with  gaseous  HCl  (HCl)  in  the  case  of  N-nitrosodiphenylamines.  The  syn¬ 
thesis  and  purification  of  the  substances  studied  have  been  given  previously  [2,  3];  a  detailed  description  of  the 
measurement  procedure  and  purification  of  the  solvents  was  given  in  [3],  Absorption  curves  in  hexane,  ethanol, 
and  concentrated  sulfuric  acid  are  given  in  Figs.  1-5;  the  others  are  given  in  [3],  The  characteristics  of  the  bands 
and  absorption  curves  of  the  compounds  examined (  Xjj,  in  mp  for  the  maxima  and  inflections,  log  c  and 
bc^/2,  i.e.,  the  width  at  tmax/2)  are  given  in  the  table. 

A  comparison  with  the  absorption  curves  of  N-methylaniline  and  diphenylamine  in  hexane  shows  that  the 
introduction  of  a  nitroso  group  produces  the  following  effects:  a)  for  the  former  a  displacement  toward  short 
wavelengths  of  the  band  of  Ajg  -*820  electronic  transitions  and  band  B,  which  is  connected  with  charge  transfer 
involving  the  p-electrons  of  the  amino  group  nitrogen,  while  for  the  latter,  on  the  contrary,  they  show  some  dis¬ 
placement  toward  long  wavelcngtlis;  b)  the  appearance  of  a  low-intensity  inflection  in  the  longwave  region  in 
some  cases.  Tlie  displacement  of  this  inflection  toward  short  wavelengths  in  ethanol  as  compared  with  hexane 
indicates  its  connection  with  p  -►  jt*  transitions  in  the  nitroso  group  itself. 

In  comparison  with  the  curves  of  nitro-N-mcthylanilines  and  nitrodiphenylamines,  the  absorption  curves 
of  the  nitro  derivatives  are  appreciably  displaced  toward  short  wavelengths  and  undergo  substantial  changes: 

The  ortho  and  meta  isomers  do  not  show  band  A,  which  is  connected  with  charge  transfer  involving  ir-  and  p- 
electrons  of  the  two  functional  groups  during  optical  excitation;  the  para  isomers  show  this  band  with  its  maxi¬ 
mum  displaced  toward  short  wavelengths  in  comparison  with  that  of  the  starting  materials  by  29  and  35  mp, 
respectively;  with  all  the  nitro  derivatives,  the  low -intensity,  longwave  inflection  is  at  appreciably  shorter  wave¬ 
lengths  (by  40-100  mp)  than  with  the  starting  secondary  amines.  The  presence  of  band  A  in  the  case  of  p-nitro- 
N-nitrosoamines  and  also  band  ^11  the  compounds  studied  indicates  that  the  introduction 

of  an  NO  group  into  a  secondary  aromatic  amine  docs  not  change  the  electronic  nature  of  the  NHR  group.  There 
is  only  a  reduction  in  the  activity  of  its  interaction  with  an  NO2  group  in  the  ortho  and  meta  positions,  as  a 
result  of  which  the  band  A  does  not  appear  clearly  in  the  case  of  o-  and  m-nitro-N-nitroso  compounds,  though 
its  presence  is  indicated  by  the  considerable  drawing  out  of  the  longwave  edge  of  the  absorption  curve,  especially 
with  nitrodiphenylamines  (Figs.  1  and  2). 

In  an  ethanol  solution  of  sodium  alcoholate,  the  absorption  curves  of  all  the  nitroso  compounds  studied, 
apart  from  nitro-N-nitrosodiphenylamines,  remained  basically  the  same  as  in  ethanol.  Only  with  the  latter  was 
there  a  substantial  change  in  the  absorption  curves,  namely  the  appearance  of  band  A,and  with  the  meta  and 
ortho  isomers,  a  substantial  displacement  of  the  longwave  inflection  toward  long  wavelengths.  With  respect  to 
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500  ^6  U2  38  3^  30  26  22  200 


Fig.  1.  Absorption  spectra  In  hexane.  1)  N- 
Methylnitrosoaniline;  2)  o-nitro-N-methyl- 
nitrosoaniline;  3)  m-nitro-N-methylnitroso- 
aniline;  4)  p-nitro-N-methylnitrosoaniline. 


m  tS  HZ  3/8  311  30  26  ZZ  200 
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Fig.  2.  Absorption  spectra  in  hexane.  1)  N< 
Nitrosodiphenylamine;  2)  o-nitro-N-nItroso 
diptienylamine;  3)  m-nitro-N-nltrosodi- 
phenylaoiine;  4)  p-nitro-N-nitrosodiphenyl- 
amine. 


the  position  of  the  bands  and  inflections,  the  absorp¬ 
tion  curves  of  all  the  nitro-N-nitrosodiphenylamincs 
in  ethanolate  are  very  similar  to  those  of  the  corres¬ 
ponding  nitiodiphenylamines  in  this  medium  and  in 
neutral  solvents  in  general  [4].  It  is  evident  that  in 
2  N  ethanol  solution  of  sodium  ethanolate  the  effect 
of  the  nitroso  group  in  the  compounds  examined  is  al¬ 
most  absent.and,  as  in  the  case  of  acetyl  derivatives 
[5],  this  may  be  caused  by  elimination  of  the  nitroso 
group. 

The  absorption  curves  of  the  nitro  derivatives 
(apart  from  o-  and  p-nitro-N-nitrosodiphenylamines) 
in  concentrated  sulfuric  acid  consist  of  an  inflection 
and  band  with  almost  the  same  values  of  X  and  c  as 
for  unsubstituted  nitrobenzene  in  this  medium,  namely 
an  inflection  between  330  and  350  mp  (at  ~345  mp 
for  nitrobenzene)  and  a  band  between  258  and  270  mp 
(at  286  mp  for  nitrobenzene).  With  o-  and  p-nltro- 
N-nitrosodiphenylamines.  the  presence  of  concentrated 
Fig.  3.  Absorption  spectra  in  cone.  K2SO4.  1)  sulfuric  acid  produces  a  displacement  of  the  curve  to- 

N-Methylnitrosoaniline;  2)  o-nitro-N-methyl-  ward  long  wavelengths  with  strong  development  of  the 

nitrosoaniline;  3)  m-niuo-N-methylnitroso-  absorption  in  the  region  of  the  longwave  inflection  to 

aniline;  4)  p-nitro-N-methylnitrosoaniline.  form  a  band  with  a  maximum  at  X  of  540-550  mP. 

The  development  of  this  band  in  concentrated  sulfuric 
acid  is  apparently  common  to  all  ortho-  and  para-  (apart  from  o-nitrodiphenylamine,  which  has  an  intramolec¬ 
ular  hydrogen  bend),  but  not  meta-nitro  derivatives  of  diphenylamine  since  it  is  observed  with  p-nitrodiphenyl- 
amine,  o-  and  p-nitro-N-methyldiphenylamines,  etc.  The  appearance  of  this  band  is  evidently  connected,  on 
the  one  hand,  with  the  possibility  of  strong  interaction  of  the  groups  in  the  molecule  and  the  presence  of  the  di- 
phenylamino  group  and,  on  the  other  hand,  with  a  specific  interaction  of  the  nitro  (or  nitroso)  groups  with  acid 
molecules.  That  this  is  connected  with  an  interaction  with  the  nitroso  group  follows  from  the  fact  that  in 
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Fig.  4,  Absorption  spectra  in  cone.  H2SQ4,  1)  N-Nitrosodiphenyl- 
amine;  2)  o-nitro-N-nltrosodlphenylamine;  3)  in-nitro-N'-nitroso- 
diphenylatnine;  4)  p-nitro-N-nltrosodiphenylamine, 
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Xmjt 

Fig.  5,  Absorption  spectra  in  sodium  alcohol- 
ate.  1)  N-Nitrosodiphenylamine;  2)  o-nitro- 
N-nitrosodiphenylamine;  3)  m-nitro-N- 
nitrosodiphenylamine;  4)  p-nitro-N-nitroso- 
phenylamine. 

(for  N-nitrosodiphenylamine)  or  in  the  appearance 
N-nitrosomethylaniline). 


contrast  to  nitroso-N-methylaniline,  riltrosodiphenylamine 
itself  gives  the  same  band  in  concentrated  sulfuric  acid, 
while  the  participation  of  the  molecules  of  the  former  in 
salt  formation  in  tliis  medium  is  apparently  suppressed.  It 
is  possible  that  the  appearance  of  second  inflections  (or 
bands)  in  the  region  of  band  A  (300-310  m/i )  with  unsub¬ 
stituted  N-nitroso  compounds  in  concentrated  and  dilute 
sulfuric  acid  is  produced  by  partial  rearrangement  with 
the  formation  of  the  corresponding  p-nitroso-N-methyl- 
(phenyl)anilines  [6], 

In  dilute  sulfuric  acid  and  HCl,  the  absorption  curvet 
of  all  the  nitro-N-nitroso  compounds  studied  (apart  from 
p-nitro-N-nitrosomethylaniline)  were  found  to  be  almost 
identical  with  those  of  the  corresponding  compounds  with¬ 
out  the  nitroso  group.  As  in  ethanol  solutions  of  sodium 
alcoholate,  this  may  be  connected  with  the  elimination 
of  the  effect  of  the  nitroso  group  due  to  its  removal  or 
specific  interaction  with  solvent  molecules,  restoring  the 
normal  effect  of  the  amino  group. 

With  unsubstituted  N-nitroso  compounds  in  dilute 
acids  there  is  partial  or  almost  complete  salt  formation, 
which  appears  as  a  reduction  in  the  intensity  of  the  bands 
of  bands  of  A^g  Bju  transitions  of  benzene  (254  mp)  (for 


SUMMARY 


1,  The  absorption  of  N-nitrosomcthylaniline  and  N-nitrosodiphenylamine  and  their  ortho-,  meta-,  and 
para-nitro  derivatives  in  seven  different  solvents  in  the  region  of  2200-7000  A  was  measured. 

2.  According  to  data  on  the  absorption  curves,  the  replacement  of  the  hydrogen  on  the  nitrogen  of  a 
secondary  aromatic  amine  by  a  nitroso  group  does  not  affect  the  electron- donor  character  of  the  amino  group. 
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3.  In  dilute  acids  and  In  the  presence  of  sodium  alcoholate.  with  nitro-N-nltrosodlphenylamlnes,  as  with 
some  nitro-N-nltrosomethylanlllnes  In  dilute  sulfuric  acid,  there  Is  elimination  of  the  effect  of  the  nltroso  group 
on  the  absorption. 
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V.  M.  Fedoseev,  V.  N.  Bochkarev,  and  A.  B.  Silaev 
Moscow  State  University 

Translated  from  Zhumal  Obshchei  Khltnii,  Vol.  30,  No.  11,  pp.  3795-3798, 
November,  1960 

Original  article  submitted  December  12,  1959 


It  was  shown  previously  [1]  that  the  reaction  of  thiourea  with  N.N-dIalky]-2,3-dibromopropylamines  forms 
the  corresponding  diisothiournnium  derivatives.  The  reaction  of  thiourea  with  2.3-dibromopropylamine  and  its 
N-monoalkyl  derivatives  leads  to  the  corresponding  2-imino-3-alkyl-5-isothiouroniummethylthiazolldincs.  At 
the  same  time,  it  was  shown  that  the  reaction  of  thiourea  with  N-acetyl-2,3-dibromopropylamine  leads  not  to 
a  thiazolidine  ring,  but  a  diisothiouronium  derivative.  Thus,  a  reduction  in  the  basicity  of  the  aniine  changes  its 
behavior  under  the  conditions  of  the  reaction  studied. 

It  therefore  seemed  interesting  to  study  the  reaction  of  thiourea  with  N-(2,3-dibromopropyl)-phthalimidc, 
where  the  nitrogen  does  not  have  basic  properties.  The  reaction  was  carried  out  in  solvents  with  various  boiling 
points  and  polarities.  A  single  reaction  product  was  obtained  in  all  cases  as  was  demonstrated  by  paper  chro¬ 
matography.  The  reaction  product  was  isolated  from  the  reaction  mixture  with  the  reaction  carried  out  in  iso- 
butanol.  Analysis  data  showed  that  the  reaction  yielded  a  mono-  and  not  a  diisothiouronium  derivative.  Thus, 
the  presence  of  the  phthalyl  protective  group  on  the  amino  group  sharply  reduced  the  reactivity  of  one  of  the 
bromine  atoms.  It  is  logical  to  assume  that  the  phthalyl  group  affected  the  secondary  bromine  atom  lying  closest 
to  it  and  the  replacement  of  the  primary  bromine  atom  occurred  quite  readily  during  the  reaction  with  thiourea. 
The  reaction  product  therefore  was  probably  N-[2-bromo-3-(isothlouronlum  bromide)propyl]-phthalimide. 
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Increasing  the  reaction  time  to  24  hr  and  also  using  a  16-fold  excess  of  thiourea  did  not  yield  even  traces 
of  a  diisothiouronium  derivative.  The  second  bromine  atom  was  not  replaced  either  when  the  pure  monoisothio- 
uronium  derivative  was  treated  with  excess  thiourea. 

For  determining  the  rate  of  reaction  of  thiourea  with  N-(2,3-dibromopropyl)-phthalimidc,  ^ourea  con¬ 
taining  the  radioactive  isotope  of  sulfur  was  used  in  the  reaction  and  this  made  it  possible  to  carry  out  radio- 
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chromatographic  analysis.  When  a  twofold  excess  of  thiourea  was  used 
the  reaction  was  practically  complete  in  12  hr;  the  yield  of  the  mono* 
isothiouronium  derivative  was  80<^  (Fig.  1>. 

If  the  staning  materials  were  in  cquimolecular  concentrations, 
the  yield  of  the  reaction  product  reached  63<^  after  8  hr;  the  use  of  a 
twofold  excess  of  the  dibromide  increased  the  yield  to  90<^  after  the 
same  time  (Fig.  1). 

As  a  result  of  these  investigations  it  was  possible  to  find  a  con¬ 
venient  preparative  method  for  obtaining  N-[2-bromo- 3 -(isothiouronium 
bromide)-propyl]-phthalimlde, 

EXPERIMENTAL 

N-Allylphihalimide.  This  compound  was  prepared  from  potas¬ 
sium  phthalimide  and  allyl  bromide  [2]  in  67‘^  yield.  The  m.  p.  was 
69*  (from  ethanol). 

N-2.3-Dibromopropylphthalimide.  This  compound  was  prepared 
by  bromination  of  N-allylphthalimide  in  chloroform  [3].  After  re¬ 
moval  of  the  solvent,  the  residue  was  washed  with  ether  and  recrystal¬ 
lized.  The  yield  was  78‘5!3  and  the  m,  p.  109-110*  (from  isobutanol). 

Reaction  of  Thiourea  with  N-(2  .3-dibromop  r  o  1)  -  phthal  im  ide 

A  solution  of  0.722  g  of  dibromopropylphthalimide  and  0.316  g  of  thiourea  in  5  ml  of  dry  isobutanol  was 
boiled  for  12  hr.  The  course  of  the  reaction  was  followed  by  paper  chromatography  (ascending  method).  The 
mobile  solvent  was  the  organic  layer  of  a  mixture  of  butanol,  acetic  acid,  and  water  (4: 1:  5).  Grote’s  reagent 
[4]  was  used  to  give  a  color  reaction.  The  reaction  was  carried  out  analogously  in  ethanol,  isopropanol,  acetone, 
acetic  acid,  and  dimethylformamide.  The  reaction  was  carried  out  at  60*  in  dimethylformamide.  The  solvent 
was  removed  in  vacuum,  the  unreacted  dibromide  extracted  with  chloroform,  and  the  residual  oil  crystallized 
by  trituration  in  absolute  ether.  It  was  not  possible  to  free  the  reaction  product  from  thiourea  by  recrystalliza¬ 
tion  and  therefore  the  mixture  was  separated  on  a  column  of  paper  pulp.  This  was  possible  due  to  the  large 
difference  in  the  R  j  values  of  thiourea  (0.51)  and  the  reaction  product  (0.80).  The  height  of  the  column  was 
54  cm,  the  diameter  15  mm,  and  the  eluting  solvent  aqueous  butanol.  The  elution  was  followed  by  paper  chro¬ 
matography  and  measurement  of  the  refractive  index  of  the  eluate.  After  removal  of  the  butanol  in  vacuum, 
from  200  mg  of  mixture  we  obtained  70  mg  of  chromatographically  pure  product  with  Rj  0.80  and  m.  p.  195*, 

The  separation  of  500  mg  of  the  mixture  on  the  same  column  was  not  complete  and  therefore  the  reaction 
product  was  converted  to  the  picrate  for  further  purification.  For  this  purpose,  an  aqueous  solution  of  the  mixture 
of  the  reaction  product  and  thiourea  was  poured  into  a  saturated  aqueous  solution  of  picric  acid.  The  product 
gave  an  insoluble  picrate.  wliile  the  thiourea  remained  in  solution.  The  precipitate  was  collected  and  the  iso¬ 
thiouronium  picrate  converted  into  the  hydrobromide  by  passing  a  methanol  solution  of  the  picrate  through  a 
column  of  AN-2F  ion-exchange  resin  in  the  hydtobromide  form.  The  height  of  the  column  was  37  cm,  the  diam¬ 
eter  15  mm,  and  the  elution  rate  10  drops/ min.  The  white  crystalline  substance  obtained  after  removal  of  the 
methanol  in  vacuum  was  chromatographically  pure  (Rf  =  0.80)  and  had  m.  p.  196*. 

Found  %  :  C  34.33,  34.16;  H  2.86,  2.72;  N  9.33,  9.54;  3r  18.79,  18.95.  Ci2His02NsS Br>  Calculated  %  ; 

C  34.14.  H  3.10;  N  9.95;  Br  18.89. 

The  picrate  had  m,  p.  202.5-204*  (from  methanol). 

Found  C  38.18.  38.33;  H  2.78.  2.92;  N  14.43, 14.31.  Cj^HisCjNsSBr.  Calculated  C  37.84;  H 
2.64;  N  14.70. 

Ra di ochrom aiogra phic  Analysis 

Study  of  reaction  rate,  a)  With  a  twofold  excess  of  thiourea.  A  solution  of  0.644  g  of  dibromopropyl- 
phthalimide  and  0.283  g  of  thiourea  with  a  specific  activity  of  5.2*10*  counts/min.g  in  25  ml  of  dry  isobuta¬ 
nol  was  boiled  for  24  hr.  At  definite  times,  samples  of  tlic  reaction  mixture  were  removed  with  a  special 


Time,  hr 


Fig.  1.  Relation  of  N-[2-bromo-3- 
(isothiouronium  bromide)-propyl]- 
phthalimide  yield  to  the  time  of 
reaction  in  isobutanol.  1)  Equi- 
molecular  concentrations  of  rea¬ 
gents;  2)  2-fold  excess  of  thiourea; 
3)  2-fold  excess  of  dibromopropyl¬ 
phthalimide. 
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capillary,  0.005  ml  In  volume,  and  deposited  on  strips  of  chromato' 
graphy  paper  (type  *M"  of  the  Volodarskii  Leningrad  Factory),  4  cm 
wide.  The  chromatograms  were  run  under  identical  conditions,  dried 
in  air,  and  cut  parallel  to  the  solvent  front  into  strips  4*  0.5  cm.  The 
count  rate  of  each  strip  was  measured  under  standard  conditions  oo 
an  end-window  counter.  Figure  2  gives  the  distribution  of  activity 
along  a  chromatogram  of  a  sample  taken  after  completion  of  the 
reaction.  The  total  activity  of  the  spot,  which  was  proportional  to 
the  amount  of  substance  in  the  spot,  was  calculated  by  summing  the 
activity  of  strips  whose  count  rate  exceeded  the  background. 

b)  With  equimolecular  concentrations  of  reagents.  A  solution 
of  0.202  g  of  dibromopropylphthalimide  and  0.049  g  of  thiourea  in 
6  ml  of  anhydrous  isobutanol  was  boiled  for  8  hr.  Data  from  radio- 
chromatographic  analysis  are  given  in  Fig.  1  (curve  1). 

c)  With  a  twofold  excess  of  N-(2,3-dibromopropyl)-phthalimide. 

A  solution  of  0.2C8  g  of  dibromopropylphthalimide  and  0.028  g  of  thiou¬ 
rea  in  5  ml  of  anhydrous  isobutanol  was  boiled  for  8  hr.  Data  from  radio¬ 
chromatographic  analysi:  are  given  in  Fig.  1  (curve  3). 

Preparation  of  N-[2-bromo-3-(isothiouronium  bromide)-propyl]-phthalimide.  A  solution  of  7.29  g  of  di¬ 
bromopropylphthalimide  and  1.32  g  of  thiourea  in  30  ml  of  anhydrous  isobutanol  was  boiled  for  10  hr.  The  pre¬ 
cipitate  was  collected  and  recrystallized.  The  yield  was  4.91  g(67‘yb)  and  the  m,  p.  196*  (from  ethanol). 

SUMMARY 

It  was  established  that  only  one  bromine  atom  is  replaced  in  the  reaction  of  N-(2,3-dibromopropyl)-ph- 
thalimide  with  thiourea.  It  is  considered  that  the  reaction  product  is  N-[2-bromo-3-(i3othiouronium  bromide)- 
propyl]-phthalimide  and  a  preparative  method  is  proposed  for  obtaining  the  latter. 

Some  kinetic  characteristics  of  the  reaction  studied  were  determined  by  paper  radiochromatography. 
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Fig.  2.  Distribution  of  activity  be¬ 
tween  thiourea  (  R{  0,50)  and  N-(2- 
bromo-3-(isothiouronIum  bromlde)- 
propyl]-phthalimide  (Rj  0,80)  in  the 
teaction  in  isobutanol  after  24  hr 
(ratio  of  dibromopropylphthalimide 
to  thiourea  of  1: 2). 
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We  previously  reported  the  catalytic  synthesis  of  carboxylic  esters  from  olefins,  carbon  monoxide,  and 
alcohols  in  ihe  presence  of  concentrated  sulfuric  acid  [1],  The  behavior  of  butylene  and  isobutylene  [2],  1- 
hexene  and  l-pentene  [3],  and  cyclopentene  and  cyclohexene  [4]  in  this  reaction  has  been  investigated.  It  was 
shown  that  normal  a -olefins  generally  give  as  the  main  reaction  product  an  ester  of  the  alkanoic  acid  with  one 
more  carbon  atom  than  the  starting  olefin  and  two  methyl  groups  in  the  ot -position.  An  ester  of  the  isomeric 
acid  with  one  ethyl  group  in  the  a -position  is  obtained  in  lower,  but  still  considerable  yield.  This  is  particularly 
true  in  the  case  of  the  carbalkoxylation  of  pentenes  contained  in  the  C5-CJ  fraction  of  synthol,  which  are  con¬ 
verted  into  a  ,a -dimethylbutyric  and  a -ethylbutyric  esters  [3], 

In  the  present  work  we  give  the  experimental  results  obtained  during  carbomethoxylatlon  of  the  following 
isomeric  amylenes  by  the  same  method:  l-pentene,  3-methyl-l-buiene,  2-methyl -1-butene,  and  2-mcthyl-2- 
butene.  As  in  previous  work  [1-4],  the  reaction  of  the  olefin,  carbon  monoxide,  and  catalyst,  concentrated  sul¬ 
furic  acid,  proceeded  in  the  first  stage  of  the  process  at  an  initial  pressure  of  80  atm  of  CO  and  20-40*  with  the 
formation  of  acylsulfuric  acids  as  intermediate  products.  In  the  second  stage,  the  latter  were  converted  to  methyl 
esters  by  the  addition  of  methanol  to  the  reaction  mixture.  The  yield  of  methyl  esters  obtained  from  l-pentene 
was  54*^,  while  that  from  branched  amylenes  was  64-6970  of  the  starting  olefin.  The  highest  yield  (69‘^)  was 
obtained  with  2-methyl-2-butene.  The  main  reaction  product  from  all  the  isomeric  amylenes  was  methyl  a,a- 
dimethylbutyrate,  whose  content  in  the  mixture  of  esters  obtained  was  50.57o  by  volume  in  the  experiment  with 
l-p)entene,  61<^c  with  3-methyl-l-butene,  457o  with  2-methyl-l-butene,  and  357)  '^ith  2-methyl-2-butene.  The 
nature  of  the  remaining  reaction  products,  however,  varied,  depending  on  whether  the  starting  amylene  had  a 
normal  or  iso  structure.  In  complete  analogy  with  the  results  obtained  with  1-hexene  and  1-heptene,  In  the  case 
of  l-pentene  the  second  reaction  product  was  methyl  a -ethylbutyrate,  the  content  of  which  in  the  mixture  of 
esters  obtained  from  this  olefin  was  27.57.  This  ester  was  not  found  in  the  reaction  products  of  the  branched 
olefins,  which  were  partly  converted  into  methyl  esters  of  uimethylacetic  (4-107).  ot,a-dlmethylvaleiic  (0-57i)» 
and  higher-molecular  acids  (30-507). 

In  the  two-stage  synthesis  of  carboxylic  acid  from  olefins,  carbon  monoxide,  and  water  in  die  presence  of 
sulfuric  acid,  Koch  obtained  a -methylvaleric  acid  from  l-pentene  in  addition  to  a /x -dimethylbutyric  and 
a -ethylbutyric  acids,  while  he  obtained  only  a /x -dimethylbutyric  acid  from  2-methyl-l-butcne  [5],  On  re¬ 
placing  carbon  monoxide  by  formic  acid  and  carrying  out  the  reaction  at  atmospheric  pressure.  Koch  and  Haaf 
[6]  obtained  a  mixture  of  a /x -dimethylbutyric,  a -methylvaleric,  a -ethylbutyric.  and  higher  (Cj^)  acids  from 
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TABLE  1 


Carbomcthoxylation  of  Amylenet 


Reagents  (ml) 

CO  pressure  1 
(atm)  1 

j  CO  absorbed 

Yield  of  esters 

sulfuric 

amylene  ^ 

m 

1  ^f0o{ 

suiting 

amylene 

acid 

c 

final 

4> 

o  8  S 

"O 

1 

250 

1-Pcntene  (150) 

ir»o 

80 

52 

1 

22.4 

73.2 

112 

1 

54.3 

500 

3 -Methyl -1 -butene 

250 

80 

48 

19.8 

60.0 

135 

63.5 

500 

(150) 

2-Methyl-l  -butene 

250 

80 

35 

26.0 

612 

190 

67.0 

500 

(200) 

2-Methyl -2-butene 
(100) 

150 

80 

60 

11.8 

56.0 

98 

69.0 

TABLE  2 


Esters  Obtained  from  Amylenes,  Carbon  Monoxide,  and  Methanol 


Starting 

amylene 

1  1 

O— J  P  • 

Methyl  ester  d  o  x:; 

Boiling 

?  O  <0 

the  acid 

U  «  o  n 

point 

r-4  5 

^  -s-a 

o.<« 

1  -Pentenc  | 

oc  ,a  -Dimethylbutyric 

.'■.«».7 

127— 127..5® 

0.8820 

1.4022 

92® 

ct-Ethylbutyric 

27-» 

l.'KI— 1;»7.4 

0.87!K) 

1.4018 

125 

3-Methyl-  | 

1  -hiite.ne 

Trimcthylacetic 
a  ,a  -Dimethylbutyric 

4.0 

61.0 

ioi.r,_i02.:. 

127.2—127.4 

0.8085 

0.8812 

1.:i892 

1.4022 

1.33 

92 

2-Methyl-  ( 

1 -butene  ( 

Trimcthylacetic 
(X  ,a  -Di  me  thyl  butyric 

10.0 

4.5.2 

10I..5— 101.8 
127.4—127.0 

0.87.33 

0.8819 

1.3898 

1.4024 

133 

92 

1 

a  ,a  -Di  methylvaleric 

.5.1 

1.'^^J.3- 1.50.8 

0.8750 

1.4072 

71 

2-Methyl-  j 
2-butene  ( 

T  rlmethylacetic 

-Dimethylbutyric 

5.0 

:j5.o 

101.2— 101.(5 
127.1-127.3 

0.87:10 

0.8821 

1.3895 

1.4022 

133 

92 

1 

«, a -Di  methylvaleric 

3.0 

146.8-148.0 

0.88.50 

1.4M5 

71 

2-pentene  and  a  mixture  of  trimethylacetic.a/x-dimethylbutyric.a/x-dimethylvaleric,  and  higher  acids  from 
2-methyl-2-butenc. 


EXPERIMENTAL 

In  the  work  wc  used  pure  preparations  of  amylenes.  whose  syntheses  were  described  previously  [7,  8].  They 
had  the  following  constants: 

1-pentene—  b.  p.  29.0*  (760  mm),  1.3717,  0.6403;  3-methyl-l -butene  —  b.  p.  20,0*  (760  mm), 

i?®D  1.3641;  (?®4  0.6270;  2-methyl-l-butene  -  b.  p.  31.0*  (760  mm),  n?®D  1.3778,  0.6502;  2-methyl-2- 

butene  -  b.  p.  38.6*  (760  mm),  if  ®D  1.3874,  d*"4  0.6622. 

The  procedure  for  the  synthesis  of  esters  from  olefins,  carbon  monoxide,  and  alcohols  under  pressure  was 
described  previously  [2].  The  first  stage  was  carried  out  in  a  stainless  steel  autoclave  with  a  turbine  stiirer  op¬ 
erating  at  800  rev/min  and  a  drop  injector  for  adding  liquid  olefin.  The  autoclave  was  charged  with  0.25-0.5 
liter  of  cOTcentrated  sulfuric  acid  (d  1.84),80  atm  of  carbon  monoxide  introduced,  and  the  starting  amylene 
added  over  a  period  of  1  hr  from  the  drop  injector.  When  the  absorption  of  carbon  monoxide  had  ceased,  the 
reaction  mixture  was  removed  from  the  autoclave  and  150-250  ml  of  methanol  and  1.5  liter  of  water  were  added. 
The  methyl  esters  of  the  carboxylic  acids  liberated  were  washed  with  lO'^  sodium  carbonate  solution  and  water, 
dried  over  anhydrous  copper  sulfate,  and  distilled  on  a  column  with  an  efficiency  of  90  theoretical  plates.  From 
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Distillation  curves  of  methyl  esters  ob¬ 
tained  from  1-pentene  (1),  3-methyl- 
1-butene  (2),  2-methyl-l-butene  (3), 
and  2-methyl-2-butene  (4). 


fractions  corresponding  to  individual  esters,  we  prepared  anilides  of 
the  acids,  which  were  used  to  identify  these  esters  (mixed  melting 
points  with  known  anilides). 

The  conditions  of  separate  experiments  on  carbomethoxylation 
of  amylenes  and  the  results  obtained  are  given  in  Tables  1  and  2. 

The  distillation  curves  of  the  mixtures  of  esters  obtained  are  given 
in  the  figure.  The  data  presented  show  that  mixtures  of  methyl  esters 
of  the  following  acids  were  obtained;  from  1-pentene  — a, a- di- 
methylbutyric  and  a -ethylbutyric  (in  a  volume  ratio  of  ~2: 1);  from 
3 -methyl-1 -butene-  a/x-dlmethylbutyric  and  trimethyl  ace  tic  (in 
ratio  of  15:1);  from  2-methyl-l-butene  — ot/x-dimethylvaleric  (in 
a  ratio  of  11;  1:  1.2),  and  from  2-methyl-2-butene  —  esters  of  the 
same  acids  (in  a  ratio  of  12;  1.6;  1)  and  high-molecular  acids  (mote 
than  S0<^). 

According  to  literature  data,  methyl  a /x-dimethylbutyrate 
has;  b.  p.  125-125.5*  (746  mm),  0.8943.  1.3991  [9];  the 

anilide  of  this  acid  has  m.  p.  91-92*  [10];  methyl  a-ethylbutyrate: 
b.  p.  135-137*  (736  mm),  0.8886,  n“*®D  1.40669(11];  the 
anilide  has  m.  p.  124.3-124.5*  [12];  methyl  trimethylacetate: 
b.  p.  100-102*,  0.891  [13];  the  anilide  has  m.  p.  132-133*  [14]; 

methyl  a,a-dlmethylvalerate;  b.  p.  144-145*  [15];  the  anilide  has 
m.  p.  70.5-74*  [16]. 


SUMMARY 

1.  Methyl  esters  of  carboxylic  acids  were  obtained  in  yields  of  55-70<^i  on  the  starting  olefin  from  amyl¬ 
enes  of  various  structures,  carbon  monoxide,  and  methanol  at  20-40*  and  a  CO  pressure  of  80  atm  in  the  presence 
of  sulfuric  acid. 

2.  The  main  reaction  product  v/as  methyl  a.ct-dimethylbutyrate  ( 35-61  <^).  We  also  obtained  smaller 
amounts  of  mctliyl  a-ethylbutyrate  (27.5'yo)  from  1-pentene  and  methyl  trimethylacetate  (4-10'^))  from  branched 
amylenes.  Methyl  a/x-dimcthylvalerate  (3-5<ye)  was  also  obtained  from  2-methyl-l-butene  and  2-methyl-2- 
butene. 
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As  a  development  of  previous  work  [1-4]  on  the  preparation  of  scintillating  materials  consisting  of  1,3,4- 
oxadiazole  derivatives,  among  wliich  extremely  efficient  scintillators  have  been  found  [4-7],  the  syntheses  of 
new  functional  derivatives  of  this  class  are  described  in  the  present  communication. 

By  the  scheme  described  previously  [2,  8] 

Ar-COCI  !  Ar'  Ar— CO(\ll)XO— Ar'  — ^ 

_*  Ar  N=C(:l— Ar'  — — »  Ar— C=N— N=C— Ar'  (1) 

-  -O 

we  prepared  para  derivatives  of  2,5-diphenyl-l,3,4-oxadiazole  with  the  following  substituents:  F,  SCI^,  CI^, 
iso-OC3H7,  N(C  113)2,  COOH,  COOC2H5.  The  synthesis  scheme  presented  was  extended  to  all  the  isomeric  mono¬ 
functional  derivatives  of  2,5-diphcnyl-l,3,4-oxadiazole.  In  this  way,  the  first  representatives  of  ortho  and  meta 
derivatives  of  oxadiazole  with  nitro,  chloro,  methoxy,  and  methyl  groupings  were  prepared.  During  the  synthesis 
it  was  found  that  the  reaction  conditions  and  also  the  yields  did  not  differ  substantially  from  those  for  the  para 
derivatives,  regardless  of  the  position  and  form  of  tlie  substituent.  As  a  result,  it  was  possible  to  develop  a  gen¬ 
eral  method  for  preparing  functional  derivatives  of  oxadiazole  and  the  diaroylhydrazines  from  which  they  were 
obtained. 

It  should  be  noted  that  contrary  to  literature  data  [8],  diaroylhydrazines  areformed  even  in  the  cold.  Re¬ 
actions  at  high  temperatures  gave  appreciable  amounts  of  by-products,  namely,  symmetrical  diaroylhydrazines 
of  the  type  (C5H5  -  CONH)2  and  (X  —  Cglii  —  CONfO^,  and  this  was  observed  particularly  when  the  phenyl  ring 
contained  electron-acceptor  substituents  (NO2  and  COC)C2H5).  In  the  preparation  of  the  oxadiazole,  the  time 
that  the  diaroylhydrazine  was  heated  with  phosphorus  oxychloride  could  be  limited  to  that  required  for  complete 
solution  of  the  former  instead  of  boiling  for  many  hours  as  recommended  in  the  literature  [8,  9]. 

The  use  of  scheme  (1)  may  be  complicated  by  the  reaction  of  the  functional  groups  with  the  reagents  used. 
!n  these  cases,  some  substituents  were  converted  into  others  in  the  oxadiazole  molecule  (reduction  of  nitro  com¬ 
pounds  to  amines  with  phenylhydrazinc,  Sandmeyer  reaction,  and  hydrolysis  of  a  nitrile  to  an  amide  [10]),  and  * 
this  showed  that  these  reactions  were  applicable  in  the  oxadiazole  series.  However,  hydrolysis  of  the  ester  group 
in  2-(p-carbcthoxyphcnyi)-5-phcnyl-l,3,4-oxadiazole  to  prepare  the  acid  was  accompanied  by  rupture  of  the 
oxadiazole  ring  with  the  result  that  l-(p-carboxybenzoyl)-2-benzoylhydrazine  was  isolated.  The  latter  was 
treated  with  phosphorus  oxychloride  according  to  scheme  (2)  to  give  the  acid  chloride  (I),  which  was  cyclized 
in  water  with  the  simultaneous  hydrolysis  of  the  acid  chloride  group  to  yield  2-<p-carboxyphenyl)-5-phenyl- 
1,3 ,4 -oxadiazole  (II). 
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r,.ll5-CO(Nn),OC-Coll4COOII  — ^  Collr,-COI=N-N=C(:i-C,ll4COCI  -l2. 

(I)  (2) 

'  C«II5-C-=N-N=C--CbH4-COOH 

I - 0  — I  (II) 

All  the  oxadlazoles  and  diaroylhydrazlnes  synthesized  were  colorless  crystalline  substances,  which  were 
soluble  in  dioxane  and  alcohol,  less  soluble  in  benzene,  and  insoluble  in  water.  Their  solubility  in  organic  sol* 
vents  increased  from  para  to  ortho  isomers,  while  the  melting  points  correspondingly  decreased. 


EXPERIMENTAL* 

General  procedure  for  preparin;;  diaroylhydrazines  of  the  type  CeHs  —  CO(NH)20C  —  QHb  ~  X.  To  a  solu¬ 
tion  of  0.1  mole  of  the  hydrazide  of  the  aromatic  acid  in  dry  pyridine  (0.8  mole)  was  added  0.1  mole  of  the 
aromatic  acid  chloride  in  small  portions  with  vigorous  stirring.  The  reaction  was  exothermal.  It  is  recommended 
that  the  temperature  is  kept  below  60*.  When  all  the  acid  chloride  had  been  added,  the  reaction  mixture  was  left 
to  cool  and  tlicn  poured  into  500  ml  of  cold  water  with  stirring.  When  the  hydrazide  was  sparingly  soluble  in  py¬ 
ridine,  the  order  of  addition  of  the  reagents  could  be  changed  so  that  the  hydrazide  was  added  to  a  pyridine  solu¬ 
tion  of  the  acid  chloride  under  analogous  conditions.  After  the  mixture  had  stood  for  half  an  hour,  the  precipitated 
diaroyl  hydrazine  was  collected,  washed  with  water  until  tl.*''-  odor  of  pyridine  disappeared  and  then  alcohol,  and 
dried.  The  product  obtained  was  recrystallized  to  constant  melting  point  from  dioxane,  ethanol,  or  glacial  acetic 
acid. 


The  diaroylhydrazines  synthesized  by  this  method  and  their  characteristics  are  given  in  Table  1. 

General  procedure  for  preparing  oxadiazoles  of  the  type-CcHs— C=N— N=G— A  mixture  of  0.1 

1 - o  t 


mole  of  the  diaroylhydrazine  and  1  mole  of  phosphorus  oxychloride  was  heated  and  stirred  in  a  round-bottomed 
flash,  fitted  with  a  reflux  condenser  and  stirrer,  until  the  diaroylhydrazine  dissolved  completely  and  then  heating 
was  continued  for  a  further  15  min.  The  mass  darkened.  The  reaction  mixture  was  then  cooled  (silky  crystals 
sometimes  separated)  and  gradually  added  to  600  ml  of  cold  water  with  stirring.  The  mixture  evolved  heat  and 
the  tem|>erature  was  not  allowed  to  rise  above  50-60*.  When  the  mixture  had  cooled,  the  oxadiazole  was  col¬ 
lected,  washed  with  water  and  alcohol,  and  dried.  It  was  purified  by  rccrystallizaiion  from  dioxane  or  alcohol 
and  by  passage  through  a  semicontinuous  chromatography  column  [11]  packed  with  alumina  gel  with  benzene 
or  toluene  as  the  solvent.  The  oxadiazoles  obtained  by  the  method  presented  and  their  characteristics  are  given 
in  Table  2. 


General  procedure  for  preparing  aminodcrivatives  of  2,5-diphenyl-l,3,4-oxadiazolc, 


•’c":.— — N=C— QIIs-NH*. 

I _ O _ 1 

A  mixture  of  0.02  mole  of  2-(iiluophenyl)-5-phenyl-l,3,4-oxadiazole  and  0.12  mole  of  phenylhydrazine  was 
heated  and  stirred  until  the  nitro  compound  dissolved  completely.  The  evolution  of  nitrogen  began  at  80-90* 
and  the  mass  darkened.  The  temperature  was  carefully  (to  avoid  an  explosion)  raised  to  110-120*.  When  the 
reaciicn  moderated  and  the  solution  began  to  lighten,  the  temperature  was  raised  to  150-160*  and  kept  at  this 
level  until  the  solution  became  light  yellow  and  the  evolution  of  bubbles  almost  ceased.  The  solution  was  then 
cooled  to  120*,  poured  with  stirring  into  200  ml  of  benzene,  and  left  for  about  1  hr.  The  colorless  or  yellowish 
precipitate  was  collected,  washed  on  the  filter  with  benzene  and  diethyl  ether,  and  dried  in  vacuum  at  room 
temperature.  The  amines  synthesized,  whose  characteristics  are  given  in  Table  2,  were  colorless  crystalline 
substances,  which  were  soluble  in  dioxane,  less  so  in  alcohol  and  benzene,  and  almost  insoluble  in  water. 

Synthesis  of  2-(p-dimethylaminophenyl)-5-phenyl-l,3,4-oxadiazole.  A  mixture  of  14  g  of  l-(p-dimcthyl- 
aminobenzoyl)-2-benzoylhydrazine  and  40  ml  of  phosphorus  trioxidc  was  heated  until  solution  was  complete. 
After  cooling,  the  mixture  wa:  poured  into  1.5  liter  of  cold  water.  The  reaction  mixture  was  neutralized  with 
ammonia  to  decompose  the  hydrochloride.  The  precipitate  was  collected,  washed  with  water  and  ethanol,  and 
dried.  The  yield  was  12.9  g  (99<%)  and  the  m.  p.  141-142*.  After  chromatographic  purification  on  alumina  gel 
*L.  N.  Kulakova  and  L.  M.  Egupova  helped  with  the  experimental  work. 
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TABLE  1 


Dlaroylhydrazincs  Synthesized  C*H“CO(NH)jCX^“*C|H4— X 


V 

cx 

E 

<• 

w> 


d 

z, 


i 


.» 

0 

7 

H 

9 

10 

11 

12 

13 


‘’-Benzoylhydrazine  • 

•a 

u 

Melting 

point 

Empirical 

formula 

l-(p-Dimethylaminobenzoyl)- 

92 

236° 

C,„II 

I7O2N3 

14.93 

14.85 

1  -(  p-Carbcthoxybenzoyl)- 

ir.2 

0,7ll 

9.03 

8.97 

l-(P“Carboxybenzoyl)- 

9'i 

282 

CirJI 

12O4N2 

9.69 

9.86 

l-fp-Fluorobenzoyli- 

l-{p-Methylbcnzoyl)- 

99 

(56 

210 

220 

0,4  II 
0,5" 

iiO^NsF 

14O2N5 

11.08 

11.20 

10.85 

11.02 

1  -( p-Methylmercaptobenzoyl)- 

7(i 

i8r. 

0,5" 

14O2N2S 

10.01 

9.81 

l-fp-lsopropoxybenzoyl)- 

«0 

202 

0,711 

IhO;|N2 

9.23 

9..38 

1  -<  m-Nitrobcnzoyl)- 

60 

216 

0,4" 

I1O4N3 

14.r)0 

14.73 

1  -<  m  -  Methylbenzoyl)  - 

9S 

210 

0,5" 

I4O2N2 

11.28 

11.02 

1  -(  m- Me  ihoxy  benzoyl)- 

77 

213 

0,5" 

I4O3N2 

10.61 

10.37 

1  -fo-Chlorobenzovl)- 

87 

179 

0,411 

„02N20I 

10.02 

10.21 

1  -<o-NitrobenzoyI)  - 

(;7 

214 

0,4" 

1I04N3 

14.80 

14.73 

l-(o-Methoxybenzoyl)- 

73 

145 

0,5" 

,403N2 

10.67 

10.37 

Note:  Compounds  1  and  8  were  recrystallized  from  glacial  acetic  acid  with  activated 
charcoal,  2-7,  9,  and  10  from  ethanol  with  activated  charcoal,  and  11-13  from  ethanol 
and  toluene.  Compound  5  was  also  obtained  by  another  method  [13], 


TABLE  2 


Oxadiazoles  Synthesized  Cgl^— C=N— N=C— 

I - o - 1 


4) 


5-Phcnyl  -1 ,3 ,4  -oxadiazole 


1  2-(p-Dimethylaminophenyl)- 

2  2-(p-Carbethoxyphenyl)- 

3  2-(p-Carboxyphenyl)- 


4  2-(p-Fluorophenyl)- 

5  2-(p-Tolyl)- 

fi  2-(P”Mctnylmercaptophenyl)- 
^  2-{p“Isopropoxyphenyi)- 
^  2-(p-Cyanophenyl)- 
9  2-(p-Amidophenyl)- 


10 

11 

12 

13 

14 

15 
10 
17 


2-(m-Nitrophenyl)- 
2-<m-Tolyl)- 
2  -i  m  -  Me  thox  y  phenyl)  - 
2-(  m-Aminopnenyl)- 
2-(o-ChloropWnyl)- 
2  -f  o  -Nitropheny  1)  - 
2-(o-Methoxypnenyl)- 
2-<  o  -A  minophenyl)  - 


Melting 

%  N 

point 

Empirical 

formula 

found 

calc. 

98 

1430 

O’.cllisON'.i 

16.05 

15.84 

99 

140 

0,7",40:,N2 

9.57 

9.52 

97 

220— 2;M) 
Sublimed 

C15IIJ0O3N2 

10.21 

10.53 

59 

147 

C,4H„0N2F 

11.93 

11.66 

f)5 

117 

Cull  i-»0  No 

11.95 

11JW 

82 

185 

C,^H„ONoS 

10.64 

10.44 

70 

80 

0,7  "  ,«0.»No 

10.29 

10.00 

91 

183 

0,5HftON3 

17Ji6 

17.00 

7.5 

221 

(dec.) 

0i5"nO2N3 

15.98 

15.84 

99 

147 

C,4Hn03N3 

1.5.88 

15.73 

99 

96 

0,5!!  ,20N2 

11.62 

11.86 

97 

72 

Ci.iH  19O0N0 

11.42 

11.11 

68 

162 

0,4",,0N3 

17.76 

17.72 

90 

105 

C,4ll„ON2CI 

10.85 

10.92 

86 

121 

014H903N3 

15.97 

1.5.73 

99 

94 

0,511,202^2 

10.89 

11.11 

76 

176 

o,4n„ON, 

17.49 

17.72 

Note:  Compounds  1,  4,  5,  7,  and  11-13  were  recrystallized  from  ethanol,  2  from  di- 
oxane  and  toluene  and  6, 10,  and  14-17  from  benzene.  Compound  5  was  also  obtained 
by  another  method  [13). 


with  toluene  as  the  solvent,  the  substance  formed  colorless  crystals  with  m.  p.  142-143*,  which  were  moderately 
soluble  in  alcohol  and  benzene  and  insoluble  in  water. 

Found  N  16.05.  CmHuON,.  Calculated  N  15.84. 
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Synthesis  of  2-(p-cyanophenyl)»5-phenyl-1.3.4-oxadla2ole«  A  1.9  g  sample  of  well-purified  2-(-amIno- 
phenyl)-5-phenyl-l,3,4-oxadiazole  (with  m.  p.  not  less  than  187*)  was  dissolved  in  50  ml  of  hot  18‘^t  hydro¬ 
chloric  acid  and  the  suspension  which  formed  on  cooling  was  diazotized  with  sodium  nitrite  solution.  The  un¬ 
reacted  precipitate  remaining  after  diazotization  was  removed  by  filtration  and  the  filtrate  adjusted  to  pH  S-6 
with  sodium  carbonate  and  then  gradually  added  with  cooling  and  stirring  to  a  solution  of  KCu(CN)s  [12].  The 
reaction  mixture  foamed  and  deposited  a  brown  precipitate.  After  the  mixture  had  been  kept  for  12  hr,  the 
precipitate  was  collected,  washed  with  water  and  alcohol,  and  dried.  The  yield  was  1.8  g  (91  <^)  and  the  m.  p. 
168*.  The  product  was  then  dissolved  in  a  mixture  of  dioxane  and  alcohol  (1:  2)  and  precipitated  with  water. 

It  was  again  dissolved  in  the  same  mixture,  but  with  treatment  with  activated  charcoal,  the  filtrate  evaporated 
in  vacuum,  and  the  precipitated  crystals  collected,  washed  with  alcohol,  and  dried.  The  m.  p.  was  183*. 

Synthesis  of  2-(p-amidophenyl)-5-phenyl-l,3.4-oxadiazole.  To  a  solution  of  0.1  g  of  2-(p-cyanophenyl)- 
5-phenyl*l,3,4-oxadiazole  in  ethanol  was  added  1.5  ml  of  2  N  aqueous  potassium  hydroxide  and  then  0.2  ml  of 
307,  hydrogen  peroxide.  After  15  min  heating,  which  was  accompanied  by  oxygen  evolution,  the  solution  was 
neutralized  with  acid.  The  precipitate  was  collected,  washed  with  alcohol,  and  dried.  The  yield  was  0.9  g  (75‘^k) 
and  the  m.  p.  221*  (decomp.), 

2-(p-Cyanophenyl)-5-phenyl-l,3,4-oxadiazole  formed  colorless  crystals,  which  were  soluble  in  dioxane, 
less  so  in  alcohol,  benzene,  and  acetone,  and  insoluble  in  water. 

Found  <%:  N  17.26.  C15H9ON3.  Calculated  N  17.00. 

2-(p-Amidophenyl)-5-phenyl-l,3,4-oxadiazoleformed  colorless  crystals,  which  were  sparingly  soluble  in 
alcohol  and  insoluble  in  water. 

l-ound  7,:  N  15.98.  C15HHO2N3,  Calculated  7":  N  15.84. 

Hydrolysis  of  2-(p-carbe.thoxyphenyl)  -5-phenyl-l,3.4-oxadiazole.  A  1.1  g  sample  of  2-(p-carbethoxy- 
phcnyl)-5-phenyl-l,3,4-oxadiazole  was  boiled  with  30  ml  of  27c  aqueous  sodium  hydroxide  solution  until  the 
substance  dissolved  (about  3  hr).  The  solution  was  neutralized  with  hydrochloric  acid  and  the  flocculent  pre¬ 
cipitate  of  l-(p-carboxybenzoyl)-2-benzoylhydrazine  collected,  washed  with  water,  and  dried.  The  yield  was 
1  g  (04  ’/,).  After  recrystallization  from  pyridine,  the  substance  appeared  as  colorless  crystals  with  m.  p.  280- 
285*  (sublimed). 

Found ‘7«;  N  !>.60.  C15I  Calculated  N  9.86. 


SUMMARY 

1.  General  procedures  were  developed  for  the  synthesis  of  all  isomeric  monofunctional  derivatives  of  2,5- 
diphenyl-l,3,4-oxadiazole  and  the  diaroylhydrazines  from  which  they  were  obtained. 

2.  The  chemical  conversions  of  some  functional  derivatives  of  2,5-diphenyl-l,3,4-oxadiazole  substituted 
in  the  phenyl  ring  were  studied. 

3.  Seventeen  oxadiazoles  that  have  not  been  described  in  the  literature  and  thirteen  diaroylhydrazines 
were  synthesized  and  their  properties  studied. 
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REACTIONS  OF  AROMATIC  NITRO  COMPOUNDS 
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The  reaction  of  transetherification  of  alkyl  and  aryl  ethers  of  2.4-di- and  2,4,6 -triniirophenols  belongs  to 
the  reactions  of  nucleophilic  substitution  which  occur  by  a  bimolecular  S{g2  mechanism.  The  replacement  of 
one  alkoxyl  group  by  another  occurs  through  the  step  of  formation  of  an  intermediate  addition  product  of  the 
corresponding  alcoholate,  which  for  ethers  of  trinitrophenol  is  easily  isolated  as  a  colored  salt;  in  the  case  of 
dinitrophenol  the  intermediate  reaction  product  has  not  been  isolated  [1-3]. 

In  one  of  our  reports  [3]  we  could  not  replace  the  methoxy  group  in  2,4-dinitroanisole  by  the  isopropoxy 
group.  We  explained  this  by  the  spatial  effect  of  thenitro  groups  in  the  ortho  group  to  the  carbon  atom  combined 
with  a  methoxy  group.  We  ascribed  the  occurrence  of  an  intense  color  to  the  formation  of  a  product  with  struc¬ 
ture  (I). 


OCM, 


(ciyjico. 


i\^ 

n  I 
NOj 
(I) 


However,  in  later  work  [4]  on  the  model  molecules  3-methoxy-4,6-dinitrotoluene  and  l,3-dimethoxy-4,6-di- 
nitrobenzene  it  was  shown  that  formation  of  an  intermediate  product  with  the  above  structure  did  not  occur. 

This  forced  us  once  more  to  repeat  the  study  of  the  reaction  of  potassium  isopropylate  with  2,4-di-  and2,4,6- 
trinitroanisole.  The  results  of  the  study  showed  that  di-  and  trinitroanisoles  form  intermediate  colored  products 
in  benzene  not  only  with  the  isopropylate,  but  also  with  potassium  sec-n-octylate,  tert-butylate  and  phenolate. 
Moreover,  the  isopropyl  ethers  of  2,4-di-  and  2,4,6-trinitrophenols  also  formed  colored  addition  products  with 
the  above  alcoholates. 

Thus,  not  only  the  methoxy  group,  but  even  the  isopropoxy  group  does  hinder  the  addition  of  alkoxy  groups 
with  strongly  branctied  radicals  on  the  carbon  atom  of  the  benzene  ring  on  which  they  occur  (11). 

0,N— NO. 

I  ! 

Y 

NOjK 

It  =  CIL.  iiO  -C,!!,. 

K,  =  lSO-c,ii  :  sec -C.! In; 

tert  C.!!,. 
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However,  as  can  easily  be  seen  from  the  models,  two  alkoxyl  groups  project  from  the  plane  of  the  ring  and  so  for 
the  formation  of  addition  products  require  a  great  expenditure  of  energy,  which  is  strongly  reflected  in  the  yields 
of  the  resulting  products.  Thus,  for  example,  with  an  equimolecular  ratio  of  reacting  components.tlie  yield  of 
addition  product  of  potassium  tert-butylate  to  trinitroanisole  is  IS^yc  while  the  yield  of  addition  product  of  potas* 
slum  n-brtylate  to  trinitroanisole  is  89*^  [2],  The  yield  of  colored  product  can  be  increased  only  by  shifting  the 
equilibrium  of  the  reaction  by  addition  of  a  great  excess  of  alcoholate.  In  this  case  the  yield  of  addition  product 
of,  for  example,  potassium  tert-butylate  to  the  isopropyl  ether  of  2,4,6-trinitrophenol  can  be  brought  to  95<5b,  It 
should  be  noted  that  the  presence  in  the  intermediate  products  of  alkoxyl  groups  with  radicals  of  similar  structures 
increases  the  stability  of  the  molecule.  All  the  addition  products  of  potassium  alcoholates  to  trinitroanisole  have 
corresponding  decomposition  temperatures  lower  than  the  addition  products  of  these  alcoholates  to  the  isopropyl 
ether  of  trinitrophenol. 

The  second  stage  in  the  transetherification  process  is  the  decomposition  of  the  intermediate  with  water,  as 
we  showed  previously  [5];  it  is  characterized  by  the  splitting  off  of  the  one  alkoxy  group  which  has  the  greatest 
negative  induction  effect.  There  is  also  always  partial  formation  of  potassium  trinitro-  or  dinitrophcnolates.  The 
noncoplanarity  of  the  system,  however,  also  affects  this  step  of  the  reaction  so  that  cne  alkoxy  group  is  not  always 
replaced  by  another.  The  addition  product  of  potassium  isopropylate  to  uinitroanisole  gives,  after  decomposition 
by  water,  up  to  of  the  isopropyl  ether  of  trinitrophenol;  the  addition  product  of  potassium  tett-butylate  to 
trinitroanisole  after  decomposition  gives  lO'ye  of  the  starting  trinitroanisole.  Thus,  the  tert-butyl  ether  of  tri¬ 
nitrophenol  could  not  be  isolated.  After  decomposition  by  water  of  the  addition  product  of  potassium  sec-n- 
octylate  to  trinitroanisole  or  the  isopropyl  ether  of  trinitrophenol  we  obtained  only  potassium  picrate.  Such  a 
transformation  can  probably  be  explained  by  assuming  that  iri  the  decomposition  by  water  there  is  conversion  of 
a  noncoplanar  system  to  a  coplanar  one,  related  to  the  considerable  spatial  effect  of  the  nitro  groups  in  the  ortho- 
position  between  which  can  be  placed  no  sort  of  branched  alkoxy  groups.  Therefore,  under  the  influence  of  an 
attacking  hydroxyl  ion,  both  alkoxy  groups  are  split  out,  with  formation  of  picrates. 

The  decomposition  of  the  intennediate  addition  products  of  potassium  isopropylate  to  dinitroanisole  gives 
a  75 fc  yield  of  the  isopropyl  ether  of  2,4-dinitrophenol.  The  addition  products  of  potassium  tert-butylate  and 
sec-N-octylate  to  dinitroanisole  after  decomposition  by  water  give  quantitatively  the  unchanged  dinitroanisole. 

It  is  interesting  to  note  that  in  the  decomposition  by  water  of  the  addition  products  of  potassium  isopropylate 
and  tert-butylate  to  the  isopropyl  ether  of  trinitrophenol  the  yield  of  isopropyl  ether  more  than  doubles  compared 
to  tlie  yield  of  this  ether  from  the  addition  product  of  potassium  isopiopyla^e  to  trinitroanisole,  and  the  amount 
of  picrate  decreases.  This  fact  can  be  explained  by  the  decreased  positive  charge  of  tlie  carbon  atom  on  which 
occurs  the  isopropoxy  group,  more  of  an  electron  donor  than  methoxy.  The  decreased  positive  charge  on  the 
carbon  atom  makes  somewhat  difficult  the  addition  of  the  hydroxyl  ion. 

The  addition  of  potassium  phenolate  to  trinitroanisole  shows  that,  in  spite  of  the  weakening  of  the  elec¬ 
tron  donor  properties  of  the  phenoxy  group,  the  reaction  of  formation  of  an  intermediate  colored  product  occurs. 
Decomposition  of  this  product  by  water,  as  would  be  expected,  results  in  formation  of  trinitroanisole. 

EXPERIMENTAL 

General  method  for  obtaining  addition  products  of  potassium  alcoholates  to  trinitroanisole.  To  a  solution 
of  0.001  mole  trinitroanisole  in  20  ml  of  benzene  was  added  a  solution  of  0.001  mole  of  KOII  in  the  correspond¬ 
ing  alcohol.  The  precipitate  was  separated  and  washed  several  times  with  ether.  The  product  was  easily  soluble 
in  water,  less  so  in  methanol,  insoluble  in  benzene  and  ether. 

Addition  product  of  iso-CsHTOK.  Red-orange  powder  with  decomposition  point  200*.  Yield 

Found  <%:  K  11.58.  CioHuOgNjK.  Calculated  <5fc;  K  11.44. 

Addition  product  of  tert-C4H50K.  Red  needles  with  decomposition  point  185*,  Yield  15<5fc. 

Found  %•.  K  10.78.  CuH^OgNaK.  Calculated  K  10.98. 

.  Addition  product  of  sec-n-CgHi70K.  Brown-red  powder  with  decomposition  point  160*.  Yield  16^. 

Found  K  9.71.  CisHmOiNjK.  Calculated  <5fe:  K  9.49. 


3768 


Addition  product  of  CgHsOK.  To  a  solution  of  0.0005  mole  tilnltroanlsole  In  10  ml  of  benzene  was  added 
a  solution  of  0.0005  mole  of  potassium  phcnolate  In  methanol.  The  precipitate  was  sucked  off  and  washed 
several  times  with  benzene  to  remove  excess  phenol,  and  then  with  ether.  Bright  red  crystals  with  decomposi¬ 
tion  point  205*.  Yield  65<^. 

Found  <5fc:  K  10.78.  CiaHioOjNjK.  Calculated  K  10.40. 

General  method  for  obtaining  addition  products  of  potassium  alcoholates  to  the  isopropyl  ether  of  picric 
acid.  To  a  solution  of  0.001  mole  of  the  ether  in  5  ml  of  benzene  was  added  a  concentrated  solution  of  alco¬ 
holic  alkali  until  precipitation  stopped.  The  precipitate  was  sucked  off  and  washed  with  a  small  amount  of 
methanol,  with  benzene,  and  several  times  with  ether. 

Addition  product  of  Iso-CsHtOK.  Light  brown  powder  with  decomposition  point  210*.  Yield 

Found  K  10.72.  CuHigOeNjK.  Calculated  K  10.57. 

Addition  product  of  tert-C^HgOK.  Intensely  red  crystals  with  decomposition  point  190*.  Yield  95<5t). 

Found  ic:  K  10.18.  CuHjgOgNjK.  Calculated  *5^:  K  10.36. 

Addition  product  of  sec-n-CgHi70K.  Dark  brown  powder  with  decomposition  point  185*.  Yield  45*^. 

Found  K  8.87.  Ci5H250gN3K.  Calculated  *5^:  K  8.97. 

Hydrolysis  of  intermediate  colored  products.  The  salt(0.2-0.4  g)  was  dissolved  in  50-100  ml  water  and 
left  for  a  day.  The  solution  gradually  grew  lighter  and  took  on  a  dark  orange  color.  A  precipitate  slowly  came 
down.  The  ether  was  extracted  with  benzene  and  the  latter  evaporated  in  air. 

On  hydrolysis  ot  the  addition  product  of  iso-CjUjOK  to  trinitroanisole  we  isolated  the  isopropyl  ether  of 
picric  acid  in  a  yield  of  IS^.  M.p.  92.0-92.5*. 

Found  “yc:  N  15.23.  C0H9O7N3.  Calculated  N  15.50. 

The  addition  products  of  trinitroanisole  of  tert-CgHgOK  and  C5H5OK  gave  on  hydrolysis  10  and  16'^:!  yields 
of  the  corresponding  starting  trinitroanisole.  The  addition  product  of  sec-n-CgHjjOK  hydrolyzed  entirely  to 
potassium  picrate. 

The  intermediate  colored  products  were  also  decomposed  by  a  solution  of  sulfuric  acid  (1;  10).  The  addi¬ 
tion  product  of  potassium  tert-butylate  regenerated  10"}c  trinitroanisole,  and  the  addition  products  of  potassium 
sec-n-octylate.l0<^  trinitroanisole. 

On  hydrolysis  of  the  addition  product  of  Iso-CsHtOK  to  the  isopropyl  ether  of  picric  acid,  and  also  of  the 
addition  product  of  tert-C4H90K  to  the  isopropyl  ether  of  picric  acid,  we  isolated  the  initial  ether  with  yields 
of  more  than  SO^c.  Hydrolysis  of  tlie  addition  product  of  sec-n-C^Hi70Ktothe  isopropyl  ether  of  picric  acid  gave 
picrate. 

Transetherification  of  2,4-dinitroanisole  by  isopropyl,  tert-butyl,  and  sec-n-octyl  alcoholates.  To  a  solu¬ 
tion  of  0.0005  mole  of  dinitroanisolc  in  10  ml  of  benzene  was  added  a  solution  of  0.002  mole  KOH  in  the  cor¬ 
responding  alcohol.  The.  solution  became  dark  red.  After  standing  for  an  hour  100  ml  of  water  was  added  and 
the  mixture  was  shaken  in  a  separatory  funnel.  The  benzene  layer  was  washed  three  times  with  water  and  then 
the  benzene  was  evaporated  in  air.  In  the  reaction  of  dinitroanisole  with  potassium  isopropylate  we  obtained 
the  isopropyl  ether  with  a  yield  of  75<^fc  (m.  p.  53.4-54*).  In  the  remaining  cases  the  starting  dinitroanisole  was 
regenerated  quantitatively. 


SUMMARY 

In  the  attempt  at  nucleophilic  substitution  of  methoxy  and  isopropoxy  groups  in  the  corresponding  ethers 
of  2,4-di-  and  2,4,6-trinitrophenols  by  groups  ccMitaining  tert-butyl  and  scc-n-octyl  radicals,  the  transetherifica¬ 
tion  reaction  did  not  occur,  due  to  spatial  hindrance. 
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In  the  reaction  of  m-dinltrobenzene  and  its  derivatives  with  acetone  in  an  alkaline  medium,  as  we  showed 
earlier  [1],  there  are  formed  two  series  of  derivatives,  depending  on  the  place  of  addition  of  the  enol  form  of 
acetone. 


In  the  absorption  spectra  of  the  products  of  the  Yanovskii  reaction  the  monosalt  (I)  corresponds  to  a  short¬ 
wave  maximum  (550-573  mp)  and  monosalt  (II)  to  a  long-wave  maximum  (600-688  mp).  The  m- dinitrobenzene 
which  we  studied  contained  only  methyl  groups. 

There  is  much  interest  in  testing  the  results  on  m- dinitrobenzene  derivatives  with  other  substituents  and  In 
determining  their  effects  on  the  shift  of  the  absorption  maximum  in  the  complexes  which  are  obtained. 

EXPERIMENTAL 

All  the  polynitrrxompounds  which  we  studied  were  synthesized  by  us  and  then  purified  by  repeated  crys¬ 
tallizations.  The  constants  of  the  starting  compounds  and  the  absorption  maxima  of  the  colored  complexes  ate 
given  in  Table  1,  and  the  absorption  spectra  of  some  of  them  are  shown  in  Figs.  1-3.  The  method  of  obtaining 
the  absorption  spectra  was  described  previously  [1]. 


DISCUSSION  OF  RESULTS 

NO 

In  the  compounds  studied  with  the  general  formula  | 


t 


positions  3  and  5  were  not 


occupied  by  any  substituents  and  therefore  it  was  possible  to  form  complexes  (I)  and  (II).  If  position  3  was  sub¬ 
stituted,  then  as  a  result  of  the  Yanovskii  reaction,  complex  (I)  would  form  and  in  the  absorption  spectrum  we 
would  find  the  short-wave  maximum,  as,  for  example,  in  l,2,4-trichloro-3,5-dinitrobenzene.  and  3,4,5-trinitro- 
xylene.  If  position  5  was  screened  by  any  substituent,  only  complex  (II)  would  form,  as  indicated  by  the  presence 
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Fig.  1.  Absorption  spectra  of  products  of  the  Yanovskll  reaction  for 
halogen  derivatives  of  tn-dinitrobenzene.  1)  2,4-dinitrofluotobcnz- 
ene;  2)  2,4-dinitrochlorobenzene;  3)  2,4-dinitrobromobenzenc;  4) 

2.4- dinitroiodobenzene;  5)  l,3,6-trichloro-2,4-dlnitrobenzene:  6) 

1.5- dichloro-2,4-dinit:obenzene;  7)  l-chloro-5-fluoro-2,4-dinitro- 
benzene;  8)  l-methyl-5-bromo-2,4-dinitrobenzenc. 

of  the  long-wave  maximum  which  we  find  in  l,3-dichloro-4,6-dinltrobenzene,  l,3-diethoxy-4,6-dinitrobenzcnc, 
3-bromo-4,6-dinitrotoluene,  and  others.  However,  notforallof  our  compounds  which  had  no  substituent  in  positions 
3  and  5  did  we  find  two  maxima  in  the  absorption  spectra  of  the  Yanovskll  reaction  products.  Thus,  for  example, 
for  the  ethyl  ether  of  2,4-dinitrophenol  we  found  in  the  spectrum  only  a  marked  shift  in  the  short-wave  maxi¬ 
mum  with  time:  from  580  to  561  m|i  after  35  minutes  (Fig.  3).  This  shift  ean  easily  be  explained  by  the  dis¬ 
appearance  in  ttiis  time  of  products  which  have  the  long-wave  absorption  maximum.  The  long-wave  maximum 
is  superimposed  on  the  short-wave  one  in  such  a  way  that  theover-all  maximum  is  first  seen  at  580  mP.  The 
assumed  size  of  the  long-wave  maximum  can  be  calculated  if  we  accept  that  the  shifts  in  absorption  maximum 
caused  by  the  different  substituents  are  additive.  Then,  starting  from  Xmax  of  the  complex  (II)  for  5-ethoxy- 
2,4-dinitrotolucne  and  X^^ax  for  2,4-dinitrotoluene  (I),  we  can  calculate  the  presumed  position  of  the  long-wave 
absorption  maximum  for  the  alkyl  ethers  of  2,4-dinitrophenol:  Xo^ax  of  dinitroanisolc  =  X^^ax  dinit  rot  oluene 
— Xmax  of  5-ethoxy-2,4-dinitrotoluenc  =  662  mp  —  600  mp  =  62  mp.  Hence,  the  introduction  of  an  ethoxy  group 
leads  to  a  hypsochromic  shift  of  the  long-wave  absorption  maximum  by  62  mp  and  its  wave  length  for  alkyl  ethers 
of  2,4-dinitrophenol  should  be  less  than  in  m- dinitrobenzene  by  62  mp ,  that  is,  688  mp  “  62  mp  =  626  mp.  The 
introduction  of  a  second  diethoxy  group  (l,5-diethoxy-2,4-dinitrobenzene)  gives  a  hypsochromic  shift  of  the  long^ 
wave  maximum  of  73  mp  (626  mp  “  553  mp  =  73  mp,  where  553  mp  is  the  X0jax  of  the  diethoxy  derivative). 
Using  these  values  we  can  calculate  the  wavelength  of  the  corresponding  maxima  for  the  short-lived  complexes 
of  m-dinitrobenzene  derivatives.  Not  all  the  m-dinltrophenol  ethers  have  only  one  stable  absorption  maximum. 
Thus,  in' the  case  of  the  phenyl  and  trifluoromethyl  ethers  of  2,4-dinitrophenol  both  maxima  are  clearly  visible 
in  the  corresponding  spectra  (see  Fig.  2). 

In  2,4-dinitroaniline,  2,4-dinitrophenylhydrazine,  and  2,4-dinitrophenylhydroxylamine.  just  as  in  the  alkyl 
ethers  of  2,4-dinitrophenol,  only  the  short-wave  maximum  is  seen  clearly  (see  table).  However,  they  have  the 
comparatively  short-lived  complex  (II),  and  this  shows  a  marked  shift  to  the  short-wave  part  of  the  spectrum.  Thus, 
for  example,  for  dinitrophenylhydrazine  X^ax  is  shifted  after  30  minutes  from  605  to  570  mp. 
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Fig.  2.  Absorption  spectra  of  products  of  the  Yanovskli  reaction  for 
alkoxy-  and  aryloxyderivatives  of  m- dinitrobenzene.  1)  2,4-di- 
nitroanisole;  2)  glycol  ether  of  2,4-dinltrophenol;  3)  allyl  ether  of 
2,4-dinitrophcnol;  4)  furfuryl  ether  of  2,4-dInitrophenol;  5)  benzyl 
ether  of  2,4-dinitrophenol;  G)  phenyl  ether  of  2,4-dinItrophenol;  7) 
trifluoromethyl  etlicr  of  2,4-dinitrophenol;  8)  5-ethoxy-2,4-dinitro- 
toluenc;  9)  l,5-diethoxy-2,4-dinitrobenzene. 


These  results  show  that  the  radical  X  has  a  marked  effect  on  the  ability  of  the  dinltro  compounds  to  form 
complexes.  The  formation  of  complex  (II)  evidently  depends  on  the  electron- donor  ability  of  the  radicals.  Those 
radicals  which  Increase  the  electron  density  in  the  benzene  ring  decrease  6"^  on  carbon  atoms  3  and  5,  which 
makes  the  addition  of  acetone  enol  difficult.  If  we  consider  the  spacial  hindrance  created  by  two  neighboring 
nitro  groups  on  the  entrance  of  acetone  enolate  in  the  3  position  it  becomes  clear  why  formation  of  complex  (II) 
is  difficult. 

On  the  basis  of  the  data  on  value  of  the  replacement  constant  [2]  the  substituents  studied  can  be 

arranged  in  the  following  order  with  respect  to  decreasing  electron-donor  ability: 


O"  >  NHj  >  NH-  NHj  >  Alk>Hal  >  H. 

Our  results  show  that  the  formation  of  complex  (II)  depends  on  the  size  of  Beginning  already  with 

the  alkoxy  group,  the  electron-donor  power  of  the  substituents  becomes  sufficient  to  hinder  formation  of  complex 
(II).  Decrease  in  donor  ability  of  the  OR  group  due  to  introduction  in  place  of  the  alkyl  radical  of  the  electro* 
philic  groups  CsHs  and  CF3  leads  to  increased  stability  of  the  complex  and  the  long-wave  maximum  is  observed 
in  the  absorption  spectrum.  The  presence  of  a  substituent  which  stands  to  the  left  of  the  alkoxy  grovqp  leads  to 
absence  of  the  long-wave  maximum  in  the  spectra  of  the  products  of  the  Yanovskii  reaction.  The  carboxyl  group, 
as  is  known,  is  an  electron  acceptor,  but  in  the  conditions  of  forming  the  complexes  (alkaline  medium)  2,4*di- 

nitrobcnzoic  acid  gives  a  stable  anion  (  ,  in  which  the  *  groiq)  has  strong  elec- 

L0  (0 


tron-donor  properties.  These  groups,  like  a  negatively  charged  oxygen  atom  in  2,4-diniuophenolate  fully  de¬ 
activate  carbons  3  and  5  of  the  benzene  ring,  so  that  they  cannot  form  the  colored  complexes  (I)  and  (II)  at  all. 

These  results  show  that  the  position  of  maximum  absorption  of  the  dinitro  derivative  complexes^formed  as 
the  result  of  the  Yanevskii  reaction,  does  not  remain  constant.  The  change  in  position  of  both  maxima  permits 
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TABLE  1 


Name  of  compound 

M.  p.  j 

Short  wave 
maximum 

Long  wave 
maximum 

our  dau 

literature 

dau 

9 

^iiiax 

99 

^luax 

99 

*^iDax 

2,4  -Dinitrofluorobenzene 

24° 

24.3®  («1 

562 

11 

6.33 

55 

2,4  -Dlnitrochlorobenzene 

52.5-53 

5.3.4  (“I 

.548 

25 

660 

28 

2,4  -Dinitrobromobenzene 

75 

75.3  |0) 

54.5 

28 

663 

25 

2,4  -Dinitroiodobenzene 

87.5 

88.5  |6J 

550 

23 

672 

16 

1 ,3 ,6-Trichloro  -2,4  -dinitrobenzene 

102-103 

10.3.5  i»j 

505 

68 

l,5-Dichloro-2,4-dinitrobenzene  i 

102 

103  |6J 

6.34 

54 

l-Chloro-5-fluoro-2,4-dinitrobenzene  76 

76  |«) 

_ 

610 

78 

5-Bromo-2,4  -dinitrotoluene 

104 

103-104  I«J 

_ 

_ 

647 

41 

Dinitroanisole 

94.5-94.8 

8.S.6  |»| 

560 

13 

626* 

62* 

Di  ni  trophenetole 

85.5-86 

86.5  i«j 

561 

12 

625* 

63* 

Isobutyl  ether  of  2.4-dinitrophenol 

31 

30.3-31.5  |7J 

1  570 

3 

— 

— 

Benzyl  ether  of  2,4-dinitrophenol 

149-150 

149.5  fRJ 

560 

13 

— 

— 

Phenyl  ether  of  2,4  -dinitrophenol 

71 

71  |«J 

571 

2  1 

638 

50 

Glycol  ether  of  2,4-dinitrophenol 

111.4 

111—112  PI 

493 

80 

— 

— 

Allyl  ether  of  2,4  -dinitrophenol 

.  47 

46-47  i«J 

570 

3 

— 

— 

Trifluoro methyl  ether  of  2,4-di¬ 
nitrophenol  •• 

545 

28 

647 

41 

5-Methoxy-2,4  -dinitrotoluene 

101 

101-101.5 

— 

— 

598 

90 

5-Ethoxy-2,4  -dinitrotoluene 

95-96 

95—96  jioj 

600 

88 

1 ,5  -Dieihoxy  -2,4  -dinitrobenzene 

132 

133  poj 

_ 

_ 

552 

116 

Furfuryl  ether  of  2,4  -dinitrophenol 

131—32 

— 

558 

15 

— 

— 

Dinitroaniline 

186 

1.S.S  |6) 

522 

51 

_ 

Dinitrophenylhydrazine 

195 

197  |«) 

— 

— 

570 

3 

Dinitrophenylhydroxylamine 

80  (dec.) 

80|"l(dec.) 

490 

83 

— 

— 

1 ,2,4-Trinitrobenzene 

57 

57.5  |“J 

528 

45 

656 

32 

3,4,5-Trinitro-o-xylene 

115-116 

115  |0| 

558 

15 

— 

— 

3,4,6-Trinitro-o-xylene 

71 

72  |«j 

— 

— 

575 

113 

2,4  -Dinitrophenol 

114 

114-115  PI 

t  — 

— 

— 

— 

2,4-Dinitrobenzoic  acid 

I  178-179 

179  Pi 

— 

— 

1 

— 

*  Calculated  by  us. 

•  •  First  synthesized  by  L.  M.  Yaguporskii  and  kindly  supplied  to  us  for  study. 


us  to  explain  the  effect  of  the  different  substituents  on  the  spectral  behavior  of  the  complex  and  to  establish  the 
relative  strength  of  action  of  the  different  substituents.  Substituent  X  which  occurs  in  the  orthc  and  para  positions 
to  the  nitro  groups  stands  outside  the  conjugated  chain  in  monosalt  (I),  and  in  monosalt  (U)  it  is  directly  bound 
to  the  carbon  atoms  of  the  conjugated  chain.  The  conjugated  chain  of  complex  (I)  (short-wave  maximum)  can 
be  represented  schematically  thus. 


For  m-dinitrobenzene,  that  is,  when  X  =  H,  =  573  mp.  Replacement  of  the  hydrogen  atom  by  dif¬ 

ferent  electron  donors  and  electron  acceptors  as  substituents  leads  to  a  shift  in  the  absorption  maximum  toward 
the  short-wave  part  of  the  spectrum.  The  relative  strength  of  action  of  the  substituents  can  be  characterized  by 
the  value  for  which  is  the  difference  in  absorption  maxima  of  the  corresponding  complexes  of  m-dinitro- 

benzene  and  its  derivatives:  ^Xmax  =  Xjj,ax  2,4-dinittobenzene  “*  Xjjiax  l“X-2,4-dlnitiobenzcnc. 
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Comparison  of  the  data  shows  that  the  shift  In  absorption  maxima  of  complex  (I)  occurs  In  relation  to  the 
electron-donor  strength  of  the  substituent,  that  is,  the  greater  or  lesser  ability  to  shift  the  electron  density  In  the 
direction  of  the  conjugated  chain.  Actually,  when  X  =  CH3,  OC5H5,  OCHjCH  =  CH2,  die  shift  In  maxima  Is  very 
slight.  Alkoxy  groups  shift  the  absorption  maxima  by  10-13  mp,  and  halogens  by  11-30  mp.  In  a  number  of 
halides  there  is  a  regular  shift  of  X^ax  depending  on  the  value  of  Ometa  (see  the  following  table). 


Halide  | 

F 

Cl 

1 

Hr 

I 

*metJ*J  1 

j  (..TO 

0.373 

0.391 

0.352 

mat 

1  n 

?5 

28 

23 

A  still  sharper  shift  occurs  in  compounds  with  great  electron-donor  capacity. 

K  NHj  <  OCII.CHjO-  <  MIO- 
51*  si)  83 

As  the  data  which  have  been  given  show,  increase  in  electron-donor  capacity  of  the  substituents  connected 
to  the  conjugated  chain  through  two  single  bonds  increases  the  hypsochromic  shift  of  the  absorption  maxima.  The 
electron-accepting  nitro  groups  of  1,2,4-trinItrobenzene  by  their  negative  inductive  efiect  decrease  the  oscilla¬ 
tion  of  the  charge  in  the  conjugated  chain,  so  that  there  is  a  marked  hypsochromic  shift. 


The  coniugated  chain  of  complex  (II)  (long  wave  maximum)  has  the  form: 


rx- - 

O2N  I 

I  I  - 

C  L_L _ 


NO, 


I 

I 

J 


In  this  case.  X  is  located  directly  on  a  carbon  atom  of  the  conjugated  chain.  The  approach  of  the  sub¬ 
stituent  to  the  conjugated  chain  leads  to  an  increased  effect  of  it  on  the  absorption  spectrum  of  the  compound. 

Thus,  if  in  complex  (I)  the  Introduction  of  a  methyl  group  leads  to  a  shift  of  Xj^^^  of  1  mp  [1],  then  for  com¬ 
plex  (11)  the  shift  is  26  mp.  The  substituent  in  this  case  competes  with  the  negative  O"— N*— O"  group  for  con¬ 
jugation  with  the  positive  nitro  groups  which  are  acceptors  in  the  conjugated  chain.  The  reaction  of  the  sub¬ 
stituents  with  the  acceptor  nitro  group  occurs  through  the  conjugated  chain  which  is  shown  schematically  by  the 
dotted  line.  The  stronger  this  reaction,  the  less  the  share  of  this  nitro  group  in  the  conjugation  with  the  others 
which  are  electron  donors.  Such  an  action  of  the  substituent  is  equivalent  to  "shortening”  the  conjugated  chain 
and  should  be  shown  in  a  hypsochromic  shift  of  the  absorption  maximum.  Evidently  in  this  case  the  effect  of 
the  substituent  on  the  shift  of  the  absorption  maximum  should  depend  on  the  size  of  its  positive  effect  of  con¬ 
jugation.  Actually,  all  the  substituents  studied  can  be  arranged  according  to  the  value  of  the  maxima  in  an 
order  which  agrees  well  with  some  of  the  results  in  the  literatuie  on  the  strength  of  the  +C  effect  [3]. 

X  OCIIa -Or,Jl5~OC4lIf,  >  OC,;Il5  >  OCFa;  K>  C]  >  Hr  >  I  >  H 
64  r.O  41  r>5  28  25  16  0 

The  effect  of  a  methyl  group  on  the  shift  depends  on  the  appearance  in  the  given  case  of  o  ,*■  -conjuga¬ 
tion  [4].  As  a  result  of  this,  the  methyl  group  shows  about  the  same  electron-donor  properties  as  the  bromine. 

The  nitro  group  shifts  the  absorption  maximum  of  complex  (II)  by  32  mp.  Its  electron-acceptor  action  leads 
to  shortening  of  the  conjugated  chain,  which  is  also  shown  in  the  hypsochromic  shift. 

It  should  be  noted  that  when  still  another  substituent.  X*,  is  Introduced  into  the  conjugated  chain  in  position 
3  its  reciprocal  effect  leads  to  a  decrease  in  Xq43](  of  about  the  same  value  as  this  substituent  shifts  the  absorption  maxi¬ 
mum  in  the  monosubstituted  complex.  Thus,  in  4,6-dinitro-m -xylene  for  each  methyl  group  there  is  a  AXq,3x  ® 

=  21.5  mp.  while  the  methyl  group  in  2.4-dinitrotoluene  shifts  the  maximum  by  26  mp;  in  l,3-dichloro-4,6 -di¬ 
nitrobenzene,  ^Xjjj3x  for  each  chlorine  atom  is  27  mp ,  which  agrees  well  with  ^  Xq43x  for  2,4-dinItrochloro- 
benzene  (28  mp).  An  analogous  effect  is  found  in  l-chloro-3-fluoro-4,6-5initrobcnzene  where  the  total  shift 
from  the  action  of  the  halogen  atoms  in  the  complex  is  78  mp .  where  A  Xjj,3j(  of  chlorine  is  28  mp,  of  fluorine 
50  mp  (  ^Xq43x  in  2,4-dinitrofluorobenzene  Is  55  mp). 
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Fig.  3.  Shift  in  absorption  maxima  of  a  complex  of  2,4-dInitrophcnol 
with  time,  a)  After  1  min  from  the  moment  of  formation;  b)  after  2 
min;  c)  after  3  min;  d)  after  7  min;  e)  after  35  min. 

The  values  obtained  by  Newlands  and  Wild  [5]  for  the  absorption  mexima  of  some  2,4-dInItrobenzene  deri¬ 
vatives  agree  well  with  our  results.  However,  they  did  not  succeed  in  observing  in  the  absorption  spectnim  the 
short-lived  long-wave  maxima.  The  short-wave  absorption  maxima  (430  mp)  observed  by  these  authors  in  2,4- 
dinitrofluorobenzene  comes  from  the  decomposition  products  of  the  complex.  We  also  found  formation  of  the 
latter  in  some  cases,  and  its  amount  increased  with  rising  temperature  or  addition  of  water. 

SUMMARY 

1.  We  have  photographed  the  absorption  spectra  of  the  complexes  formed  in  the  reaction  of  derivatives  of 
m-dinitrobenzene  with  acetone  in  an  alkaline  medium. 

2.  We  have  showed  that  derivatives  of  m-dInItrobenzene  tend  to  form  complexes  of  the  type  of  monosalt 
(I)  and  monosalt  (11),  that  is,  the  results  of  the  investigation  confirm  our  previous  data  on  the  structure  of  the 
complexes. 

3.  We  have  studied  the  effect  of  electron-donor  and  electron-acceptor  substituents  on  the  absorption  maxi¬ 
ma  of  the  colored  complexes.  The  action  of  substituents  separated  from  the  conjugated  chain  by  two  ordinary 
bonds  depends  on  their  elcctron-donor  capacity.  The  effect  of  substituents  directly  connected  with  the  conjugated 
chain  depends  on  their  conjugation  effect. 
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VII.  STUDY  OF  COPPER-CALCIUM  PHOSPHATE  CATALYSTS 

Yu.  A.  Gorin,  V.  M.  Svetozarova,  I.  K.  Corn,  and 
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From  the  literature  and  patent  data  [1-4]  it  is  known  that  some  salts  of  Cu,  Cd,  Zn,  and  Hg  are  catalysts 
for  the  reaction  of  addition  of  water  to  acetylene.  This  catalytic  property  is  probably  connected  with  the  specific 
structure  of  the  electron  shells  of  these  elements  [4],  Copper  phosphate  is  used  as  an  active  additive  to  various 
contact  substances  in  whose  composition  phosphoric  acid  occuis  or  to  zinc  phosphate,  and  as  carriers  activated 
charcoal  or  cuprene  [5-7J  are  used.  There  is  information  on  the  use  of  copper  salts  without  a  carriet[8]. 

We  have  set  ouiselves  the  problem  of  studying  the  action  of  copper  pliosphate  and  various  other  copper  salts 
as  agents  which  produce  the  hydration  of  acetylene.  As  a  second  component  of  the  catalyst  we  have  chosen  cal¬ 
cium  phosphate  in  connection  with  the  information  [9]  on  tlie  greater  stability  of  contact  substances  prepared 
with  its  use  as  the  carrier.  We  have  prepared  and  studied  catalysts  of  copper  phosphate  and  also  various  mixtures 
of  it  with  calcium  phosphate.  The  results  of  the  study  of  the  catalytic  activity  are  shown  in  the  table. 

The  addition  to  calcium  phosphate,  which  in  itself  has  no  activity,  of  0.01'^  cupric  phosphate  at  once  pro¬ 
duces  a  marked  effect  wliich  is  gradually  strengthened  as  the  addition  is  increased,  and  which  reaches  a  maxi¬ 
mum  at  0.3<^. 

Further  increase  in  the  amount  of  cupric  phosphate  causes  loss  of  activity.  The  catalyst  which  contains 
about  l“Jt  cupric  phosphate  is  distinguished  by  very  high  selectivity  and  activity.  At  10*^  cupric  phosphate  in 
the  catalyst  and  especially  with  cupric  phosphate  alone  there  is  a  sharp  fall  in  yield  of  aldehyde  and  formation 
of  a  large  amount  of  tarry  products  and  cuprene  which  leads  to  clogging  of  the  reaction  tube  and  necessitates 
stopping  the  reaction. 

It  is  of  interest  to  explain  how  the  form  of  the  calcium  phosphate  affects  the  activity  of  the  copper-cal¬ 
cium  phosphate  catalyst.  For  this  purpose  we  prepared  a  number  of  catalysts  in  which  0.1‘^  cupric  phosphate 
was  added  to  a  mixture  of  tri-  and  dicalcium  phosphates  of  different  compositions.  The  results  of  the  study  of 
these  catalysts  showed  that  the  activity  of  the  catalyst  is  higher  the  greater  the  content  in  the  carrier  of  neutral 
orthophosphate.  We  should  remark  that  the  gradual  decrease  in  activity  during  25  hr  of  work  (samples  taken 
and  control  analysis  run  each  six  hr  during  the  experiment)  was  more  marked  in  catalysts  which  contained  much 
of  the  acid  salt.  Therefore  the  average  activity  after  25  hr  was  higher  for  the  samples  which  consisted  briefly 
of  neutral  calcium  phosphate  (although  in  the  first  hr.  on  the  contrary,  the  catalysts  which  contained  considerable 
amount  of  acid  phosphate  worked  more  actively).  The  greater  stability  of  these  catalysts  was  evidently  connected 
with  the  fact  that  when  the  neutral  orthophosphate  was  heated  it  did  not  undergo  any  sort  of  change.  The  fall  in 
activity  of  the  forms  with  a  liigh  content  of  acid  phosphate  was  probably  related  to  the  change  of  the  latter  into 
pyrophosphate  which  was  observed  roentgenographically  in  the  spent  copper-calcium  phosphate  catalysts  which 
originally  contained  acid  calcium  orthophosphate.  One  of  the  reasons  for  the  lower  activity  of  the  catalysts 
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Effect  of  Content  of  Cupric  Phosphate  on  the  Activity  of  Copper-Calcium  Phosphate 
Catalysts  (Volume  rate  of  C2HJ  200  llters/llter  catalyst/ hour.  C^Hj:  H*0  =  1:10; 
length  of  experiment  6  hr) 


No. 

Content  of 
cupric 
phosphate 
in  catalyst, 
% 

Temperature 

Amount  of 
conversion 
of  CjH,.  % 

Yield  of  aldehyde (molef^’l 

Productivity 
of  catalyst 
based  on  aldehyde 
(g/liter  catalyst/hr) 

on  C2H2 
passed 

1 

0.00 

450® 

Not 

1 

6 

determined 

2 

0.01 

450 

48 

46 

95 

130 

3 

0.07 

G5 

62 

96 

240 

4 

0.1 

80 

75 

94 

300 

5 

0.3 

390-400 

1 

8G 

82 

96 

312 

n 

1.0 

75 

72 

!f7 

280 

7 

10.0 

] 

1 

70 

41 

58 

150 

8* 

100.0 

1.50 -.300 

GG 

24 

1 

210 

•Mole  ratio  of  CuO;  P2O5  in  catalyst  No.  8  was  3.1: 1;  the  volume  rate  of  acetylene 
was  500  liter/liter  of  catalyst/l  hr;  length  of  experiment  was  1  hr. 

which  contained  the  acid  phosphate  (pyrophosphate)  might  be  the  lower  specific  surface  of  the  latter  compared 
to  the  neutral  orthophosphate.  The  specific  surface  of  neutral  calcium  orthophosphate  is  102  m*/g.  while  for 
pyrophosphate  it  is  9  m*/g. 

For  a  study  of  the  effect  on  the  activity  of  the  copper-calcium  phosphate  catalyst  of  the  nature  of  the 
starting  copper  compound  we  took  different  salts  of  mono  and  divalent  copper  (in  the  amount  of  0.13<5to),  metal¬ 
lic  copper  and  copjxjr  hydroxide  (0.35^).  As  the  carrier  we  used  neutral  calcium  phosphate  and  Its  mixtures 
with  acid  phosphate.  The  results  of  the  study  of  the  catalysts  showed  that  (with  the  exception  of  samples  pre¬ 
pared  with  cuprous  chloride  and  metallic  copper)  the  nature  of  the  starting  copper  salt  did  not  have  much  sig¬ 
nificance.*  It  is  not  impossible  that  in  the  process  of  preparing  the  catalyst  and  its  use  at  high  temperatures, 
as  a  result  of  exchange  reactions  with  the  excess  calcium  phosphate  (independent  of  the  anion  of  the  starting 
copper  salt),  cupric  phosphate  is  formed.  Actually  it  was  shown  tliat  in  preparing  the  catalyst  with  use  of  cupric 
sulfate  there  was  an  exchange  reaction: 

3  CuSQ^  +  Cag(PO^)2  ~  CUj(PQ4)2  +  CaSQj. 

The  catalyst  which  contained  cupric  hydroxide  also  had  considerable  activity  (yield  of  aldehyde  40-50'){i), 
We  can  assume  that  here  also  there  occurs  reaction  of  the  cupric  hydroxide  with  calcium  phosphate  with  forma¬ 
tion  of  cupric  phosphate.  The  same  thing  can  also  be  assumed  for  catalysts  which  contain  metallic  copper  and 
cuprous  chloride.*  *  However,  the  reaction  with  calcium  phosphate  in  these  last  two  cases  evidently  occun 
more  slowly  and  less  completely  and  this  explains  the  lower  activity  of  these  catalysts:  the  yield  of  aldehyde 
on  the  acetylene  passed  was  on  the  order  of  15-20<)b. 

On  the  other  hand,  in  previous  communicati(Xis[4, 10],  it  was  shown  that  the  activating  action  on  acetylene 
of  different  cadmiiun  salts,  produced  by  ions  of  crystals,  depended  on  the  effect  of  the  cation  and  was  almost  in¬ 
dependent  of  the  nature  of  the  anion.  Therefore  it  is  very  probable  that  the  reason  for  the  almost  identical  activ¬ 
ity  of  catalysts  prepared  with  different  copper  salts  is  the  activity  of  the  copper  cation,  independent  of  what  anioo 
was  added  to  the  caulyst. 

The  stability  of  the  copper-calcium  phosphate  catalysts.  The  copper-calcium  phosphate  catalysts  were 
studied  for  deactivation  in  long  continued  work.  The  study  was  carried  out  in  an  enlarged  experimental  appara¬ 
tus;  we  compared  two  forms  of  catalyst  prepared  by  different  catalysts.  One  form  (I)  was  prepared  by  mixing 

*  The  yields  of  aldehyde  were  about  (on  the  acetylene  passed). 

*  *  Compounds  of  monovalent  copper  probably  do  not  catalyze  the  process  of  vapor-phase  hydration  of  acetylene 
[4.  5].  The  small  effect  produced  by  this  catalyst  can  depend  on  partial  conversion  of  monovalent  copper  to  divalent. 
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suspensions  of  cupric  phosphate  and  calciiun  phosphate.  The  ratio  of  CaO:  P^Oi  In  tlie  calcium  phosphate  was 
3: 1,  the  content  of  cupric  phosphate  was  The  second  catalyst  (II)  was  prepared  by  adding  a  solution  of 

cupric  acetate  to  a  suspension  of  calcium  phosphate  with  strong  stirring.  This  method  of  preparation  permitted 
an  even  addition  of  cupric  phosphate  on  the  surface  by  the  exchange  reaction.  The  ratio  of  CaO:  P^Os  was 
2.8: 1.  the  content  of  cupric  phosphate  was  0.1‘^.  The  results  of  the  study  of  these  catalysts  showed  that  the 
length  of  one  cycle  of  contacting  on  catalyst  II  of  100  hr  exceeded  the  cycle  of  contacting  on  catalyst  I  (about 
50  hr)  more  than  twofold.  The  temperature  of  contacting  on  catalyst  n  averaged  somewhat  lower  (360-390*) 
tlian  in  the  experiments  on  catalyst  I  (400-410*).  Exhaustion  of  catalyst  II  began  to  appear  after  600  hr  of  work, 
while  for  catalyst  I  it  became  marked  even  after  300  hours.  *  Thus,  the  second  method  of  preparation  gives  in¬ 
creased  activity  and  stability  to  the  copper-calcium  phosphate  catalyst. 

EXPERIMENTAL 

Preparation  of  calcium  phosphate,  cupric  phosphate,  and  the  copper-calcium  phosphate  catalyst.  Calcium 
phosphate  was  precipitated  from  a  solution  of  calcium  acetate  with  dibasic  ammonium  phosphate.  The  precipi¬ 
tate  was  washed  and  dried  at  100-110*.  After  grinding  and  sifting  through  a  fine  sieve,  the  powder  was  pressed 
into  tablets  with  a  hand  hydraulic  press.  The  tablets  were  broken  up  into  pieces  with  a  diameter  of  2-4  mm. 

Cupric  phosphate  was  precipitated  by  pouring  together  streams  of  solutions  of  cupric  sulfate  and  dibasic 
ammonium  phosphate.  The  precipitate  was  washed  free  of  sulfate  ions,  filtered,  dried  to  constant  weight  at 
100-110*  and  pressed  into  tablets.  The  molar  ratio  CuO:  P2O5  was  3.1: 1. 

For  the  preparation  of  the  copper-calcium  phosphate  catalyst  with  differing  copper  contents,  100  g  of  the 
dry  powder  of  calcium  phosphate  was  suspended  in  1.5  liters  of  a  solution  which  contained  the  required  amount 
of  copper  sulfate.  The  solution  of  ammonium  phosphate  was  added  evenly  to  the  solution.  The  filtered  catalyst 
mass  was  dried  at  100-110*  and  pressed  into  tablets. 

Preparation  of  copper-calcium  phosphate  catalysts  with  different  CaO:  P2O5  ratios.  The  preparations  of 
calcium  phosphate  were  precipitated  from  solutions  of  calcium  chloride  by  dibasic  ammonium  phosphate  to 
which  differing  amounts  of  ammonia  had  first  been  added.  The  introduction  of  cupric  phosphate  was  carried 
out  by  the  method  described  above.  The  catalyst  was  pressed  into  tablets. 

Preparation  of  catalyst  using  different  copper  salts.  Copper  vanadate  and  iodide  were  prepared  by  the 
action  on  a  solution  of  copper  sulfate  of  solutions  of  ammonium  vanadate  and  potassium  iodide.  The  washed 
precipitate  of  copper  salt  was  suspended  in  a  small  amount  of  water  and  carefully  mixed  with  a  suspension  of 
calcium  phosphate.  Further  operations  in  the  preparation  of  the  catalyst  were  carried  out  as  described  above. 

The  introduction  of  copper  acetate  and  sulfate  was  carried  out  by  suspending  the  dry  powder  of  calcium 
phosphate  in  solutions  containing  the  calculated  amount  of  the  cotTesp>onding  copper  salt. 

The  catalyst  with  metallic  copper  was  prepared  by  mixing  the  dry  calcium  phosphate  powder  with  finely 
dispersed  metallic  coppet  obtained  by  displacement  from  a  copper  sulfate  solution  with  powdered  iron. 

The  catalysts  with  cupric  hydroxide  and  cuprous  chloride  were  prepared  by  mixing  the  dry  calcium  phos¬ 
phate  powder  and  the  copper  compound,  followed  by  pressing  into  tablets.  The  catalyst  which  contained  the 
cuprous  salttbefore  study  of  its  activity.was  kept  under  nitrogen  which  contained  no  impurity  of  oxygen. 

Preparation  of  the  catalysts  used  in  the  experimental  apparatus.  Catalyst  I  was  prepared  by  mixing  a 
suspension  of  cupric  phosphate  with  a  suspension  of  freshly  precipitated  and  washed  calcium  phosphate.  The 
catalyst  mass  was  filtered  and  formed  into  "worms"  by  forcing  through  a  plate  with  4  mm  openings.  After  dry¬ 
ing  at  100-110*  the  worms  had  a  diameter  of  2.5  mm  and  had  good  mechanical  strength.  Catalyst  n  was  pre¬ 
pared  by  gradually  adding  a  solution  of  cuoric  acetate  to  a  suspension  of  freshly  precipitated  and  washed  cal¬ 
cium  phosphate  with  intensive  stirring  witli  a  mechanical  stirrer.  The  further  operations  of  filtering,  forming 
into  worms,  and  drying  did  not  differ  from  those  for  catalyst  L 

All  the  catalysts  were  analyzed  for  their  content  of  Cu,  CaO,  and  P2O5.  Calcium  was  precipitated  as  the 
oxalate  and  determined  by  titraticxi  with  0.1  N  KMn04  solution  [11].  Phosphoric  acid  was  converted  to  ammo¬ 
nium  phosphomolybdate  with  later  titration  of  the  precipitate  by  0.5  N  solution  of  alkali  [12].  The  copper  con¬ 
tent  was  determined  by  electrolysis  [13].  For  determination  of  the  loss  in  ignition  the  sample  of  catalyst  was 
heated  in  a  crucible  furnace  at  800*  to  constant  weight. 

•  The  amount  of  conversion  of  acetylene  was  about  50-^ ,  with  a  yield  of  aldehyde  on  reacting  acetylene  of  about 
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The  smfaces  of  the  neutral  calcium  orthophosplute  and  the  calcium  pyrophosphate  were  determined  by  low 
temperature  adsorption  of  nitrogen  [14]. 

The  activity  of  the  catalyst  was  studied  on  a  laboratory  apparatus  [IJ.  the  volume  of  the  catalyst  In  the 
reaction  tube  was  50  ml.  For  this  work  we  used  acetylene  from  a  cylinder  with  a  concent  of  C2HJ  of  99^,  puri¬ 
fied  from  admixtures  by  passage  through  a  system  of  absorbers  with  solutions  of  sodium  hypochlorite.  The  con¬ 
tent  of  acetylene  in  the  gas  entering  the  furnace  and  also  in  the  reaction  gas  was  determined  by  absorption  in 
oleum  in  an  Orsat  apparatus.  We  determined  the  aldehyde  content  in  the  water  condensate  with  hydroxylamine 
hydrochloride. 

The  study  of  the  activity  and  stability  of  the  copper- calcium  phosphate  catalysts  I  and  n  was  carried  out 
in  an  experimental  contact  apparatus  whose  construction  was  analogous  to  that  of  the  laboratory  apparatus,  but 
because  of  greater  capacity  of  the  gasometer  could  be  used  for  long  experiments  without  interruption.  After  a 
cycle  of  contacting,  regeneration  of  the  catalyst  was  carried  out  in  a  stream  of  mixed  air  and  steam  at  400-450* 
until  CO2  disappeared  from  the  outgoing  gas.  The  length  of  regeneration  of  catalyst  I  was  12-15  hr;  regenera¬ 
tion  of  catalyst  n  took  about  40  hr. 


SUMMARY 

1.  We  have  showed  that  the  addition  of  0.1-0. 3<^  cupric  phosphate  to  calcium  phosphate  gives  a  highly 
active  and  selective  catalyst  for  the  hydration  of  acetylene. 

2.  V/e  have  established  the  relation  between  activity  of  the  copper-calcium  phosphate  catalyst  and  ratio 
of  neutral  and  acid  phosphates  of  calcium  in  it.  We  have  showed  that  the  most  active  and  stable  catalysts  are 
those  wliose  composition  approaches  that  of  neutral  calcium  orthophosphate. 

3.  The  use  of  different  salts  of  divalent  copper  as  additives  (0.1-0.3‘7c)  to  the  calcium  phosphate  produces 
almost  the  same  effect  as  the  equivalent  addition  of  cupric  phosphate.  The  activity  of  the  catalysts  prepared 
with  metallic  copper  or  cuprous  chloride  is  slight. 

4.  On  copper-calcium  phosphate  catalysts  under  corresponding  conditions  of  preparation  it  is  possible  to 
carry  out  hydration  of  acetylene  for  about  100  hr  with  a  total  length  of  working  of  the  catalyst  of  600  hr. 
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OF  ACETYLENE  TO  ACETALDEHYDE 
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In  previous  communications  [1-3]  we  considered  the  problem  of  the  possible  scheme  of  vapor-phase  hydra¬ 
tion  of  acetylene  and  its  derivatives  on  solid  ionic  catalysts,  the  relation  of  the  activity  of  the  latter  to  the  struc¬ 
ture  of  the  electron  shell  of  the  cations,  and  the  Influence  of  the  anions  on  the  character  of  this  process;  here  we 
considered  only  one  side  of  the  reaction,  namely,the  activation  of  the  acetylene  under  the  action  of  the  catalyst. 
The  possibility  of  the  reaction  of  the  catalyst  with  the  other  component  of  the  reaction,  the  water,  was  not  dis¬ 
cussed  by  us  in  these  papers.  The  few  investigators  who  have  studied  the  mechanism  of  vapor-phase  hydration  of 
acetylene  [4-6]  have  ditected  their  attention  exclusively  to  the  reaction  of  the  catalyst  with  acetylene  and  the 
further  transformations  of  the  first-intermediate  product  of  addition  of  water  to  acetylene.  Evidently  the  opinion 
is  established  that,  under  the  conditions  of  the  catalytic  process  in  the  vapor  phase,  addition  of  water  to  acetylene 
occurs  without  action  of  the  catalytst  on  it.  However,  the  experimental  data  which  we  have  obtained  in  studying 
the  activity  of  different  two-component  phosphate  catalysts  shows  that  this  step  of  the  process  probably  occurs 
with  participation  of  the  catalyst. 

It  is  known  from  patents  [7]  that  the  use  of  calcium  phosphate  mixed  with  cadmium  phosphate  permits  ob¬ 
taining  a  very  active  catalyst.  Our  studies  [8]  have  established  that  good  results  are  also  obtained  by  combiniiig 
calcium  phosphate  with  cupric  phosphate.  Since  it  has  also  been  shown  that  calcium  phosphate  by  itself  has  no 
activity,  we  originally  assumed  that  its  role  in  the  two-component  catalyst  was  to  create  a  more  developed  sur¬ 
face  for  the  active  phosphate  (the  specific  surface  of  neutral  cadmium  orthophosphate  is  10-12  m*/g,  and  of 
neutral  calcium  orthophosphate,  about  100  in^/g).  Since  we  wished  to  determine  the  possibility  of  giving  the 
catalyst  a  large  surface,  with  other  carriers,  we  used  in  combination  with  the  active  phosphate  activated  char¬ 
coal  and  calcined  silica  gel.  We  also  used  pumice  which  had  a  small  specific  surface. 

We  studied  two  sets  of  catalysts:  for  one.as  the  agent  for  activating  acetylene.we  used  cupric  phosphate, 
for  the  other  cadmium  phosphate.  In  view  of  the  high  activity  of  cupric  phosphate  [8]  we  added  0.15<]l)  (by 
weight)  to  the  catalyst.  The  content  of  cadmium  phosphate  in  our  mixed  catalysts  was  15-16^. 

It  was  also  of  interest  to  test  whether  the  ability  to  serve  as  a  good  carrier  for  the  active  phosphate  was  a 
specific  property  of  calcium  phosphate,  or  other  phosphates  were  suitable  for  this  purpose.  As  such  we  studied 
the  phosphates  of  strontium  [7]  and  barium,  in  which  we  had  previously  shown  the  absence  of  intrinsic  catalytic 
activity  [2],  The  results  of  the  study  of  the  two-component  phosphate  catalysts  (with  different  carriers)  are  shown 
in  the  table. 

These  data  show  that  not  only  calcium  phosphates,  but  also  the  phosphates  of  the  other  alkaline  earth  metals 
combined  with  copper  or  cadmium  phosphate  give  active  catalysts.  When  the  phosphate  carrier  is  replaced  with 
pumice,  carbon,  or  silica  gel.  the  activity  of  the  contact  substances  is  sharply  reduced,  especially  in  the  case  of 
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the  cupric  phosphate  where  there  occurs  a  side  reaction  of  polymerization  of  acetylene  into  cuprene  and  other 
products:  the  deposit  of  cuprene  was  obviously  visible  in  the  spent  catalyst.  Some  side  reactions  were  also  found 
on  those  catalysts  for  which  the  carrier  was  strontium  or  barium  phosphate,  but  these  had  the  character  of  sec¬ 
ondary  processes,  condensation  of  the  aldehyde  after  formation  into  oily  products. 

These  results  lead  us  to  conclude  that  the  role  of  the  catalyst  in  the  process  of  vapor-phase  hydration  of 
acetylene  is  more  complex  than  it  would  seem  at  first  glance.  The  high  activity  of  catalysts  consisting  of  cupric 
phosphate  on  phosphates  of  the  alkaline  earth  metals  indicates  that  a  small  amount  of  cupric  phosphate  is  en¬ 
tirely  sufficient  for  activation  of  acetylene.  However,  the  absence  of  reaction  on  catalysts  consisting  of  the  same 
amount  of  copper  phosphate  mixed  with  pumice,  carbon,  or  silica  gel  gives  us  a  reason  to  suppose  that  the  activa¬ 
tion  of  acetylene  is  not  the  only  condition  for  the  occurrence  of  its  hydration.  It  is  possible  that  particles  of  the 
water  which  react  also  should  be  brought  into  an  active  state.  Ui  such  a  case,  the  catalyst  of  the  vapor-phase  hy¬ 
dration  of  acetylene  should  be  fulfilling  a  double  function. 


Effect  of  the  Carrier  on  Activity  of  Phosphate  Catalysu  (Volume  rate  CjHj  150  liters/liter  catalyst/hour;  tem¬ 
perature  390-400*,  dilution  CjH2;H20  =  1 ;  10  mole) 


Active 

Carrier 

Length  of  ex- 

Amount  of 
conversion  of 
acetylene,  % 

Yield  of  acetaldehyde, 
mole  % 

Specific  sur¬ 
face  of  catalyst 

(niVg) 

phosphate 

periment(hrs) 

on  CjHj 
passed 

on  C2H2 
reacting 

Neutral  ortho¬ 
phosphate  of: 
calcium  .  . 

10 

65.6 

56.0 

85.4 

94 

Cupric  phos- 

strontium.  . 

10 

68.2 

51.4 

75.5 

61 

phate,  ^ 

barium  .  .  . 

10 

5*47 

41.2 

78.1 

- 

0.15*^ 

Pumice . 

3 

2.2 

2.0 

88.5 

5 

Activated 
charcoal .  .  . 

3 

5.1 

1.3 

25.5 

800 

Silica  gel 

3 

5.6 

2.2 

38.9 

340 

Cadmium 
phosphate,  < 

Neutral  ortho¬ 
phosphate  of: 
calcium  .  . 

10 

66.6 

55.3 

83.0 

93 

16*^ 

suontium.  . 

10 

76.5 

61.8 

80.7 

48 

Pumice . 

10 

21.3 

15.7 

746 

6 

Silica  gel  .  .  . 

10 

14.1 

10.4 

746 

265 

Copper  phosphate  and  cadmium  phosphate,  which  are  active  hydration  catalysts  evidently  have  the  ability 
to  activate  both  acetylene  and  water.  However,  under  the  influence  of  cupric  phosphate. activation  of  acetylene 
proceeds  much  more  intensely  than  activation  of  water,  so  that  the  hydrating  properties  of  cupric  phosphate  are 
suppressed  by  the  processes  by  which  it  stimulates  polymerization  of  acetylene  with  formation  of  cuprene  [2,  8], 
Cadmium  phosphate  activates  acetylene  much  more  weakly  than  does  cupric  phosphate  (about  100  times,  as  the 
data  of  the  table  show),  not  causing  any  notable  polymerization.  Therefore  the  hydration  process  on  cadmium 
phosphate  goes  much  more  smoothly. 

Since  in  the  case  of  the  two-component  catalyst  with  phosphate  carrien  an  important  amount  of  activa¬ 
tion  of  acetylene  is  attained  in  the  presence  of  0.15  weight‘d  of  cupric  phosphate  and  no  reaction  of  polymeriza¬ 
tion  occurs  here,  we  must  assume  that  the  phosphates  of  calcium,  barium,  and  strontium  carry  out  here  the  second 
function  of  the  hydration  catalyst,  the  activation  of  water.  The  two-component  cadmium  phosphate  catalyst  acts 
in  an  analogous  way,  with  this  difference,  that  to  reach  an  equal  effect  cadmium  phosphate  must  be  added  to  the 
catalyst  in  much  greater  amount. 

On  the  other  hand,  pumice,  activated  charcoal,  and  silica  gel  evidently  do  not  have  the  ability  to  activate 
water.  Therefore  the  phosphate  catalysts  which  contain  such  carriers  arc  inactive  (in  this  case  the  cadmium 
catalyst  is  more  active  than  copper,  since  cadmium  phosphate  was  added  in  greater  amount  which  assures  the 
possibility  of  some  activation  of  water). 

We  have  also  tested  the  possibility  of  using  calcium  phosphate  as  a  carrier  for  cadmium  hydroxide,  which 
itself  is  little  active  in  the  process  of  hydration  of  acetylene  [3],  and  we  are  convinced  that  the  activity  and 
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selectivity  of  the  twc-component  catalyst  are  incomparably  higher  than  for  cadmium  hydroxide  alone.  Evidently 
here  also  because  of  the  calcium  phosphate  there  are  created  better  conditions  for  activation  of  water. 


The  question  arises,  what  is  the  character  of  this  'activation*  ?  On  the  one  hand,  it  can  be  ascribed  only 
to  better  adsorption  of  water  on  the  phosphates  so  that  contact  is  made  easy  for  the  water  molecules  with  the 
activated  acetylene  molecules,  while  on  the  carrier  which  lias  less  hydrophilic  properties  this  does  not  occur. 

On  the  other  hand,  the  process  can  be  more  complex.  We  suggest  that  the  adsorbed  water  should  undergo  a  fur¬ 
ther  polarization  which  would  raise  its  reactivity.  The  polarized  water  particles  react  with  the  polar  or  ionized 
acetylene  complex  from  the  cation  of  the  catalyst  which  is  in  the  immediate  neighborhood  [1,  2]  to  form  the 
aldehyde  (through  the  vinyl  alcohol)  and  to  regenerate  the  cation.  Polarization  of  the  water  can  evidently  occur 
only  under  the  influence  of  compounds  which  have  an  ionic  lattice,  as,  for  instance,  phosphates  of  copper,  cad¬ 
mium,  calcium,  etc.  The  carrier,  whose  surface  is  more  electroneutral,  like  pumice,  a  mixture  of  fused  silicates 
[9],  and  calcined  silica  ge!  [10]  or  charcoal,  whose  lattices  have  partial  covalence,  as  is  known,  and  a  partial 
metallic  character,  does  not  cause  polarization  of  water.  These  substances  cannot  be  used  as  carriers.  The  size 
of  specific  surface  of  these  substances  actually  has  no  significance  for  the  activity  of  the  catalysts.  The  varying 
catalytic  activity  of  different  cadmium  salts  [3]  can  also  be  explained  from  the  point  of  view  of  the  greater  or 
lesser  ability  of  these  compounds  to  adsorb  water  or  cause  its  further  polarization. 


EXPERIMENTAL 

Neutral  orthophosphates  of  cadmium,  calcium,  strontium,  and  barium  which  entered  the  composition  of  the 
catalysts  were  obtained  by  precipitation  from  the  corresponding  nitrates  by  the  action  of  ammo.iium  phosphate 
on  them. 

The  two-component  cadmium  catalysts  were  prepared  by  careful  mechanical  mixing  of  the  finely  ground 
components.  The  weight  content  of  cadmium  phosphate  in  the  catalyst  was  lo-16  weight  ’’h. 

The  copper  catalysts  on  phosphate  carriers  were  prepared  by  precipitation  of  cupric  phosphate  on  finely 
ground  phosphates  of  calcium,  strontium,  and  barium  suspended  in  a  weak  aqueous  solution  of  cupric  nitrate  or 
sulfate.  With  mechanical  stirring  we  added  the  stoichiometric  amount  of  ammonium  phosphate  in  the  form  of 
a  dilute  solution.  The  suspended  catalyst  was  filtered  off,  dried,  and  pressed  into  tablets. 

The  copper  catalysts  on  pumice,  silica  gel,  and  activated  charcoal  were  prepared  by  precipitating  cupric 
phosphate  on  the  grains  of  the  carrier  which  had  first  been  impregnated  with  a  solution  of  cupric  nitrate  or  sul¬ 
fate  and  then  immersed  in  a  solution  of  ammonium  phosphate,  after  which  they  were  separated  from  the  liquid 
and  dried.  The  amount  of  cupric  phosphate  on  the  carrier  was  about  0.15‘^>.  The  catalysts  were  analyzed  for 
copper  content  by  electrolysis,  for  which  the  copper  salt  was  extracted  from  the  sample  of  catalyst  with  nitric 
acid. 


The  experiments  on  hydration  of  acetylene  were  carried  out  at  390-400*,  volume  rate  of  acetylene  150 
liters/liter  catalyst/hour  and  molar  diluUon  of  it  by  water  1: 10.  The  description  of  apparatus,  method  of  pro¬ 
cedure,  and  analysis  of  the  products  were  given  previously  [2].  We  placed  50  ml  of  catalyst  with  grain  diameter 
3  mm  in  the  reaction  furnace.  The  length  of  the  periodic  experiments  was  3-5  hr,  the  number  of  experiments 
on  each  sample  differed  depending  on  the  activity  of  the  catalyst.  Regeneration  of  the  catalyst  between  experi¬ 
ments  was  not  carried  out. 

Determination  of  the  specific  surface  of  the  catalysts  was  carried  out  with  low-temperature  adsorption  of 
nitrogen  [11], 

SUMMARY 

1.  We  have  showed  that  such  substances  as  charcoal,  calcined  silica  gel.  and  pumice,  whose  surfaces  evi¬ 
dently  have  an  electroneutral  character,  cannot  be  used  as  carriers  in  the  catalytic  vapor-phase  hydration  of 
acetylene.  The  phosphates  of  the  alkaline  earth  metals,  which  are  ionic  crystals,  are  good  carriers  for  these 
catalysts. 

2.  The  activity  of  the  catalysts  for  vapor-phase  hydration  of  acetylene  is  determined  not  only  by  their 
ability  to  activate  acetylene.  The  second  probable  condition  for  this  process  is  the  action  of  the  catalyst  on 
the  reacting  particles  of  water,  which  perhaps  consists  in  further  polarization  of  the  adsorbed  water  under  the 
influence  of  the  ions  in  the  lattice  of  the  catalyst  or  carrier.  This  facilitates  reaction  of  the  water  with  the 
activated  particles  of  acetylene. 
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IV.  CATALYTIC  DEHYDRATION  OF  2-METHYL-2-PENTEN-1-OL* 
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As  was  shown  earlier  [1,  2],  a,  8 -unsaturated  alcohols  under  the  action  of  dehydrating  catalysts  easily  form 
diene  hydrocarbons  with  conjugated  systems  of  double  bonds.  One  of  such  alcohols,  2-methyl-2-penten-l-ol,  is 
not  sufficiently  described  in  the  literature;  data  are  given  only  for  the  boiling  point  of  this  alcohol,  but  these  are 
contradictory  [3-5],  There  is  no  information  in  the  literature  as  to  its  dehydration.  Thus,  it  seems  desirable  to 
characterize  2-methyl -2-penten-l-ol  in  more  detail  and  to  investigate  its  dehydration. 

On  dehydration  of  2-methyl-2-penten-l-ol  we  can  expect  formation  of  the  conjugated  dienes  with  the 
composition  CgHjot  2-methyl-l,3-pentadiene  (1)  and  4-methyl-l,3-pentadiene  (2). 


cii;,— cii2-(:ii=(:-cii20ii 


I 

Clin 


-n,o 


-cii-,— (:ii--cn— c=cii2 

I 

<  Cllj 

\ 

^C!l2=-CII-CH=C— CHn 


CII3 


(1) 

(2) 


As  the  dehydration  catalysts  we  used  the  phosphate  catalyst  used  in  the  synthetic  rubber  industry  for  prepar¬ 
ing  divinyl  from  1,3-butylencglycol  (F)  [17],  and  one  of  the  dehydrating  components  of  the  S.  V.  Lebedev  catalyst 
(Bt)[l]. 

We  have  shown  in  the  present  work  that  in  dehydration  of  2-methyl-2-penten-l-ol  there  is  formed  a  diene 
hydrocarbon  CgHjo.  which  is  confirmed  by  determination  of  molecular  weight  and  elementary  composition.  How¬ 
ever,  dehydration  takes  place  differently  on  the  catalysts  used  (see  Table  1). 

On  the  phosphate  catalyst  there  is  formed  comparatively  pure  2-methyl-l,3-pentadier.e,  whose  presence 
was  confirmed  by  the  following  results:  a)  boiling  point,  density,  and  index  of  refraction  of  the  hydrocarbon  which 
we  obtained  agreed  with  the  literature  data  for  2-methyl-l,3-penta diene;  b)  hydrogenation  of  the  hydrocarbon 
over  platinum  black  showed  that  it  contained  two  double  bonds,  and  isolation  of  the  hydrogenation  product,  identi¬ 
fied  as  2-methylpentane.showed  the  structure  of  the  hydrocarbon  skeleton  corresponding  to  that  of  the  starting 
alcohol;  c)  formation  of  an  adduct  with  maleic  anhydride  showed  the  presence  of  a  conjugated  system  of  double 
bonds,  and  by  calculation  on  CeHio  its  content  was  98.1  from  the  melting  point  of  the  crystalline  adduct  it 
was  the  adduct  of  2-methyl-l,3-pentadiene. 

On  catalyst  2-methyl-l,3-pentadiene  was  also  formed,  not  alone,  but  with  an  admixture.  The  presence 
of  2-mcthyl-l,3-pcntadiene  in  this  case  was  confirmed  by  obtaining  the  corresponding  adduct  with  maleic 


*  Presented  at  the  All-Union  Conference  on  Organic  Catalysis  in  Moscow.  November  18,  1959. 
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anhydride  which  agreed  In  melting  point  with  the  adduct  of 
2-methyl“l,3-pentadicne,  and  the  absence  of  depression  of 
the  melting  point  of  a  sample  mixed  with  the  adduct  from  the 
hydrocarbon  obtained  on  the  phosphate  catalyst  (sample  melted 
at  56*).  At  the  same  time,  the  low  values  for  boiling  point, 
density,  and  index  of  refraction  and  also  the  low  content  of 
carbon  (l^c)  showed  the  presence  of  an  admixture  in  the  diene 
hydrocarbon.  There  is  no  basis  for  assuming  that  this  admix> 
ture  is  4-methyl-l,3-pentadiene,  isomer  (2),  since  the  data 
for  the  boiling  point,  density,  and  index  of  refraction  of  this 
hydrocarbon  are  close  to  or  somewhat  above  those  for  2-methyl- 
1,3-pentadiene  (see  Table  1), 

The  decrease  in  degree  of  unsaturation  in  the  hydrogena* 
tion  of  this  hydrocarbon  (71^)  shows  the  probable  presence  of 
an  olefin  hydrocarbon.  The  isolated  hydrogenation  product, 
2-methylpenrane.  indicates  that  during  the  reaction  there  was 
no  change  in  the  carbon  skeleton.  Thus,  in  the  experiment 
with  catalyst  82  along  with  2-methyl-l,3-pentadiene  there  is 
formed  an  olefin  hydrocarbon  with  the  same  carbon 

skeleton.  Since  the  position  of  the  double  bond  in  the  hydro¬ 
carbon  C5H12  was  not  established  experimentally,  we  can  only 
make  suggestions  as  to  its  structure.  Of  the  possible  structures 
for  the  hydrocarbon  C5H12:  4- methyl -1-pentene,  4-methyl-2- 
pentene,  2-methyl-l-pentene,  and  2-methyl-2-pentene,  the 
formation  of  the  latter  is  the  most  likely.  Hydrocarbons  with 
the  double  bond  near  the  middle  part  of  the  molecule  are  more 
stable  [11].  The  appearance  of  2-methyl-2-pentene  could  be 
explained  by  the  following  transformations  of  2-methyl-2- 
penten-l-ol, 

(:il3-CII..-CII=C-Cll..OII 

I  ■  ^ 

c:h3 

Clla— CII.,— Clio— CM— CIIO; 

I 

CII3 

CH3— CII2— CII2— CM— Clio  + 

I 

CII3 

+  CHa-Cn,— C1I=C— CH2OH  — » 

I 

CII3 

— ►  CH3— CH2— CIl,— Cll— CHjOII  4- 

I 

CII3 

+  CII3-CI!2-CI1=C-CI10 
CII3 

CH3-CH2-CII2-CH-CII2OII 

CH3 

CH3-CIL— CH=C— CHa 

—  ■  I 

0113 


Thus,  the  chief  product  of  the  dehydration  of  2-methyl-2-penten-l-ol  over  the  catalysts  studied  is  2- 
methyl-1.3-pentadiene,  a  hydrocarbon  which  would  naturally  be  expected*  by  analogy  with  the  catalytic  dehy¬ 
dration  of  other  0,5 -unsaturated  alcohols  under  the  same  conditions  [1.  2]. 

*  4 -Methyl -1.3 -pen tadiene  if  it  were  formed  would  be  a  hydrocarbon  resulting  from  isomerization  of  2-methyl-1.3- 
pentadiene,  the  original  product  of  dehydration  of  the  unsaturated  alcohol. 
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The  results  of  thb  work  can  be  compared  with  the  data  obtained  by  Yu.  A.  Gorin  and  O.  M.  Nelmark  pre¬ 
viously  [12]  in  the  study  of  the  transformation  of  primary  propyl  alcohol  under  the  conditions  of  the  S.  V.  Lebedev 
process.  These  authors  found  in  the  products  of  the  transformation  2-methyl-l,3-pentadiene  and  2-methylpcnt- 
cne.  Later  Yu.  A.  Gorin  suggested  a  scheme  [13]  which  explained  these  reactions.  The  formation  of  2-mcthyl- 
1,3-pentadiene  from  n-propyl  alcohol  over  the  S.  V.  Lebedev  catalyst  was  considered  to  occur  through  the  inter¬ 
mediate  formation  of  2-methyl-2-penten-l-ol,  The  results  obtained  in  the  present  work  can  serve  as  experi¬ 
mental  confirmation  of  this  idea. 

The  study  of  the  catalytic  dehydration  of  2-mcthyl-2-penten-l-ol  and  the  data  from  our  previous  investiga¬ 
tions  [1.  2]  on  dehydration  of  a ,  B -unsaturated  alcohols  from  the  point  of  view  of  the  mechanism  of  splitting  out 
water  again  confirm  the  unreality  of  the  scheme  of  Ostromyslenskii  [  14],  according  to  which  dehydration  should 
occur  through  a  stage  of  an  allene  compound,  which  is  structurally  Impossible  in  the  case  of  an  alcohol  which 
has  an  alkyl  group  as  the  substituent  on  the  a -carbon  atom. 

EXPERIMENTAL 

2-Methyl-2-penten-l-ol  was  synthesized  by  selective  reduction  of  the  corresponding  unsaturated  aldehyde. 
2-Methyl-2-penten-l-ol  was  obtained  (415  g)  by  condensation  of  propionaldehyde  by  the  action  of  1  N  NaOH 
[5].  B.  p.  134-137*,  0.8588,  1.4476.  According  to  the  literature:  b.  p.  136.4-13r,l*,  0.8581, 

1.4488  [15], 

2-Methyl-2-penten-l-al  was  reduced  with  lithium  aluminum  hydride  in  ether  solution.  The  yield  of  Im¬ 
pure  unsaturated  alcohol  was  65-69  molefe.*  After  drying  over  calcined  potash,  the  product  of  the  reduction 
was  distilled  on  a  column  with  effectiveness  of  20  theoretical  plates  and  the  fraction  153.5-156*was  isolated 
(most  of  it  boiled  at  154.5-155*);  this  was  2-methyl-2-penr.en-l-ol,  whose  yield  was  48-52  mole<yo  calculated 
on  the  unsaturated  aldehyde  taken. 

3.  p.  154.5-155*.  (?®4  0.8536.  1.4425,  MRd  31.06?  calc.  30.97. 

Found  <^ci  C  71.81;  H  12.10;  OH  17.19.  CgH^O.  Calculated  C  71.95;  H  12.08;  OH  16.98. 

a  -Naphthyl urethane,  long  v/liite  needles,  m.  p.  93*  (from  ligroin). 

Found  N  5.50.  C^HigOjN.  Calculated  N  5.22. 

According  to  the  literature,  b.  p.  144-160*  [3],  166-169*  [4],  140-141*  [5], 

The  unsaturation  of  the  product  was  determined  by  the  bromide-bromate  method.  We  found  99.6')(s  CgHjjO 
in  the  substance  studied. 

A  sample  of  2-methyl-2-pcnten-l-ol  (4  g)  was  exhaustively  hydrogenated  over  platinum  black  and  the 
hydrogenation  product  was  isolated.  It  was  2-methyl-l-pentanol.  B.  p.  147*,  147*,  0.8269,  i^®D  1.4176, 

According  to  the  literature:  b.  p.  148*,  dF®4  0.8263,  n?®D  1.4182  [16]. 

Catalytic  dehydration  of  2-methyl-2-penten-l-ol  was  carried  out  in  the  apparatus  described  before  [1]. 

The  liquid  formed  a  two-layer  condensate.  No  gas  formation  was  observed.  The  lower  water  layer  of  the  con¬ 
densate  was  separated  and  discarded,  and  the  oily  layer  after  drying  with  potash  was  analyzed  for  its  content  of 
hydroxyl  groups  [18]  for  quantitative  determination  of  unreacted  alcohol.  Then  the  alcohol  was  removed  as  the 
borate  ester  [19]  for  which  the  oily  layer  was  distilled  over  boric  acid,  which  was  taken  in  an  amount  somewhat 
greater  than  was  required  by  the  calculation  for  the  formation  of  the  triborate.  The  results  of  the  experiment 
are  given  in  Table  2. 

We  should  note  that  the  yield  of  hydrocarbon  is  given  as  calculated  on  the  diene  hydrocarbon  CgHn.  The 
yield  of  diene  hydrocarbon  on  catalyst  B2  was  lowei. 

After  separation  of  unreacted  alcohol  the  hydrocarbon  was  dried  with  calcined  potash  and  distilled  over 
metallic  sodium  on  a  column  with  an  effectiveness  of  20  theoretical  plates. 

We  distilled  11.36  g  of  hydrocarbon  obtained  on  the  phosphate  catalyst  into  fractions  (shown  in  weight  <^)c 
1st,  to  73.5*,  5.8*5^,  i^®D  1.4435;  2nd,  73.5-75*,  64.5<5t  (constants  given  in  Table  1);  residue  lO.B^Jt,  i^®D  1.4444: 
loss  IS.l^Jb. 

*  Green  and  Hickinbottom  found  a  yield  of  S&io  [^ 
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We  also  fractionated  8,4  g  of  hydrocarbon  obtained  on  catalyst  Bx:  1st,  70-72,5*,  16.6<^,  n**D  1,4100;  2nd, 
72,5-73,0,  14,3<5fc,  n*®D  1,4200;  3rd,  73,0-74,5*,  41,6<^  (coastants  given  in  Table  1);  residue  8,2<5t,  1,4220* 

loss  19,3‘^, 

Hydrogenation  of  the  secc4id  fraction  obtained  on  the  phosphate  catalyst,  run  over  platinum  black  by  the 
method  of  S,  V,  Lebedev  [20],  showed  that  the  content  of  the  hydrocarbon  CcHig  in  the  sample  was  98,0<]b,  The 
hydrogenation  product  was  isolated  (yield  88‘^),  dried  with  calcium  chloride,  and  distilled  over  metallic  sodium; 
the  main  part  of  the  substance  came  over  at  62-62,5*,  Then  the  hydrogenation  product  was  characterized  by 
basic  constants  and  elementary  analysis, 

B,  p,  62-52,5*,  (?®4  0,6591,  ii*®D  1,3721,  MRp  29,70;  calc,  29.91, 

Found  C  83.60;  H  16.66.  C4H14.  Calculated  ojoi  C  83.62;  H  16.37. , 

According  to  the  literature  for  2-methylpentane;  b,  p,  62.3-63.3*,  d*®4  0.6599,  n*®D  1,3735  [21], 

Hydrogenation  of  the  third  fraction  obtained  on  catalyst  Bx  was  carried  out  by  analogy  with  the  preceeding. 
From  the  quantity  of  hydrogen  absorbed  the  calculated  content  of  hydrocarbon  Cgl^o  was  70.9*^.  The  isolated 
hydrogenation  product  was  identified  as  2-methylpentane. 

B.  p.  62-62.5*,  l^®D  1.3720. 

Found  fo:  C  83.49;  H  16.30,  C4H14.  Calculated  <7o:  C  83.62;  H  16.37. 

Reaction  with  maleic  anhydride  was  carried  out  under  the  conditions  analogous  to  those  described  pre¬ 
viously  [6,  9],  The  adduct  was  a  crystalline  derivative  with  a  slight  admixture  of  polymeric  product  in  the  case 
of  catalyst  Bx.  The  adduct  was  washed  free  of  maleic  anhydride  with  hot  water  and  recrystallized  thi-ee  times 
from  ligroin. 

In  the  fraction  73,5-75*  obtained  from  the  phosphate  catalyst  we  determined  the  content  of  diene  hydro¬ 
carbon  by  condensation  with  maleic  anhydride  [22]  with  later  removal  of  unreacted  hydrocarbon  in  a  vacuum 
(1  mm)  to  constant  weight  of  the  adduct.  Tlie  diene  content  with  conjugated  bonds  was  98.1*^  (by  weight). 


TABLE  2 

Catalytic  Dehydration  of  2-Mcthyl-2-penten-l-ol 


ExpL 

Temper¬ 
ature  of 

Rate  of 
adding  al¬ 
cohol 
( ml/hr/inl 
catalyst) 

Alcohol 

Unreacted 

alcohol 
( in  %) 

Hydrocar¬ 
bon  ob¬ 
tained 

(in  g) 

Yield  of  hydrocarbon  cal-  1 

culated  on  CgHjofin  mole%)  1 

No. 

Catalyst 

experi¬ 

ment 

pdsscd 

(in  g) 

on  decom¬ 
posed  alcohol 

on  alcohol 
passed 

1 

F 

280* 

0.34 

42.68 

10.1 

29.9 

94.9 

85.4 

2 

Bs 

350 

1.00 

38.41 

6.5 

29.1 

70.1 

65.5 

SUMMARY 

1.  We  have  carried  out  catalytic  dehydration  of  2-methyl-2-penten-l -ol  over  the  phosphate  catalyst 
used  in  the  German  synthetic  rubber  industry  for  preparing  divinyl  from  1.3-butyleneglycol  and  over  one  of  the 
dehydrating  components  of  the  S.  V.  Lebedev  catalyst  (Bx)« 

2.  The  chief  product  of  dehydration  of  2-meihyl-2-penten-l-ol  is  2-methyl-l,3-pentadienc.  When  de¬ 
hydrating  component  Bx  is  used  there  is  an  admixture  of  an  olefin  hydrocarbon  CgHix  which  has  the  same  carbon 
skeleton.  The  formation  of  the  olefin  hydrocarbon  is  explained  by  the  transformations  typical  for  the  S.  V, 
Lebedev  catalyst. 

3.  Comparison  of  the  results  of  our  work  with  data  on  the  transformation  of  n-propyl  alcohol  under  condi¬ 
tions  of  the  S.  V.  Lebedev  process  confirm  the  suggestion  of  Yu.  A.  Gorin  that  this  transformation  occun  through 
intermediate  formation  of  2-methyl-2-penten-l-ol, 
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4,  The  study  of  the  catalytic  dehydration  of  2-methyl-2-pentcn-l-ol  and  the  data  from  preceeding  In¬ 
vestigations  on  the  dehydration  of  a,  d -unsaturated  alcohols  confirm  the  unreality  of  the  scheme  of  Ostromyslen- 
skil,  according  to  which  dehydration  should  occiu  through  a  stage  of  an  allene  compound. 
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SYNTHESES  IN  THE  PYRIMIDINE  SERIES 
L  N-(2-PYRlMIDYL)-AMINO  ACIDS 
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Leningrad  Chemicophannaceutlcal  Institute 

Translated  from  Zhumal  Obshchei  Khimii,  Vol.  30,  No.  11,  pp,  3832-3835, 
November,  1960 

Original  article  submitted  December  22, 1959 


For  :he  study  of  the  biological  activity  of  pyrimidine  derivatives  we  have  prepared  a  series  of  N-(2-pyrlml- 
dyl)amino  acids  and  their  esters  (Table  1  and  2).  As  starting  substances  for  the  work  we  used  2-alkylmercapto- 
6-hydroxypyrimidines  which  were  obtained  by  the  method  described  in  the  literature  [1,  2],  The  reaction  of 
2-alkylmercaptopyrimidines  with  amino  acids  (a)  was  carried  out  in  water  solution  on  a  boiling  water  bath  during 
several  hours. 


Oil 

A 


,  i  -I  NIUXCOOII  — 
ns',^  I  HO 


oil 

I 


o 

J!  ^  I  4-nsHt 

)C-X-NH— L  I 


R  =  CH,.  C,H,;  R'  =  H.  CH,;  X  =  -CH,-.  -CII-, 

CH, 


(a) 


In  carrying  out  the  reaction  in  an  acid  or  alkaline  medium  hydrolysis  occurs  and  uracil  or  the  correspond¬ 
ing  4-methyiui;acil  are  formed.  In  this  study  we  used  glycine,  a-amlnopropionic  acid,  d-aminopropionic  acid, 
and  p-aminobenzoic  acid.  The  investigation  showed  that  under  the  conditions  of  our  experiment  glycine  reacted 
best  of  all  the  aliphatic  amino  acids  with  the  2-alkylmercapto-6-hydroxypyrimidincs  used,  and  a-aminopropionic 
acid  the  worst.  p-Aminobenzoic  acid  also  reacted  well.  Under  tlie  same  reaction  conditions,  reaction  of  2-alkyl- 
mercapto-6-hydroxypyrimidine  with  serine,  leucine,  or  glutamic  acid  did  not  occur  and  uracil  (or  the  correspond¬ 
ing  4-methyluracll)  was  formed  as  a  hydrolysis  product  of  the  2-alkylmercapto-6-hydroxypyrimidine  used  in  the 
reaction. 

In  the  hydrolysis  of  the  resulting  N-(6-hydroxy-2-pyrImidyl)-amino  acids  or  N-(4-mcthyl-6-hydroxy-2- 
pyrimidyl)-amino  acids  with  5*^  sodium  hydroxide,  uracil  (4-methyluracil)  was  formed.  N-(4-Methyl-6-hy- 
droxy-2-pyrimidyl)-  a-aminopropionic  acid  even  with  long  boiling  in  water  was  hydrolyzed  with  formation  of 
4-methyluracil.  Under  these  conditions  N-(4-methyl-6-hydroxy-2-pytimidyl)-p-aminobenzoic  acid  did  not 
hydrolyze. 

The  action  of  methyl  (ethyl)  alcohol  on  N-(6-hydroxy-2-pyrimidyl)-amino  acids  or  N-(4 -methyl- 5-hy- 
droxy-2-pyrimidyl)-amino  acids  in  the  presence  of  dry  hydrogen  chloride  led  to  formation  of  the  ester  hydro¬ 
chloride,  which  easily  hydrolyzed  in  water  solution.  Such  esterification  could  also  occur  with  N-<4-methyl-6- 
hydroxy-2-pyrimidyl)-p-aminobenzolc  acid.  At  the  same  time,  experiments  on  the  esterification  with  methyl 
or  ethyl  alcohols  of  N-(6-hydroxy-2-pyrimidyl)-a-aminopropionic  acid  and  N-(4-methyl-6-hydroxy-2-pyrlmi- 
dyl)-a -aminopropionic  acid  showed  that  here  there  was  splitting  out  of  the  amino  acid,  forming  uracil  (4-methyl¬ 
uracil).  However,  in  the  ethyl  (methyl)  ester  of  N-(4-methyl-6-hydroxy-2-pyrimldyl)-p-amlnobenzoic  acid  the 
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TABLE  1 


N-(2-PyrIniIdyl)-amIno  Acids 


Substance 

No. 

Substance  obtained 

M.  p.  (with 
decomposi¬ 
tion) 

Yield 

(Inof,) 

IbN 

found 

calculated 

.1 

N-(6-Hydroxy-2-pyrimldyl)-amlnoacctic 

1 

acid* 

270* 

94.6 

24.99 

24.87 

25.12 

24.91 

U 

N-(4-Methyl-  6-hydroxy-2-pyrimidyl)- 

aminoacetic  acid*  * 

268 

79.8 

23.22 

22.96 

23.12 

m 

N-(6-Hydroxy-2-pyrimidyl)-a -aminopropionic 

acid*  • 

229-233 

74.5 

23.00 

22.96 

22.97 

IV 

N-(4-Methyl-6-hydroxy-2-pyrimidyl)-a- 

aminopropionic  acid  *  • 

274-276 

48.0 

21.45 

21.33 

21.60 

V 

N-(6-Hydroxy-2-pyrImidyl)-fl -amino- 

i 

propionic  acid*  • 

267-269 

86.0 

22.97 

22.96 

22.91 

VI 

N -(4 -M  ethyl  -  6 -hyd  rox  y- 2 -pyrim  idyl)  - 

fl -aminopropionic  acid*  * 

249-250 

80.0 

21.85 

21.33 

21.78 

vn 

N  -(4-Methyl-  6-hydrox  y-2  -pyrim  idyl)- 

p-aminobenzoic  acid* 

307-308 

89.5 

16.61 

16.31 

•  Insoluble  In  cold  water,  difficultly  soluble  in  hot  water.  Pacified  by  solution  in  lO'^o  soda  with  later  isolation 
with  acetic  acid. 

•  •  Soluble  in  hot  water  and  SO'Tb  alcohol,  crystallized  from  alcohol. 


amide  bond  is  quite  stable.  When  we  heat  the  hydrochloride  of  the  methyl  (ethyl)  ester  of  N-(4-methyl-6-hy- 
droxy-2-pyrimidyl)-p-amlnobenzoic  acid  with  water  on  a  boiling  water  bath  for  a  half  hour,  there  occurs  hydro¬ 
lysis  of  the  ester  group  only  (b) 


OH 


O 

II 

non  +  HOC 


I 


_  N  I 

V_nh— L  I 


-I  HCl 


R  =  CH,.  CjH.. 


(b) 


EXPERIMENTAL 

N-(6-Hydroxy-2-pyrimidyl)-amino  acids  and  N-(4-methyl-6-hydroxy-2-pyrlmidyl)-amino  acids  (1-Vn, 
Table  1).  In  a  round-bonomed  flask  fitted  with  a  reflux  condenser  were  placed  equimolecular  amounts  of  2- 
alkylmercapto-6-hydroxypyrimIdine  (or  2-alkylmercapto-4-methyl-G-hydroxypyrimldlne),  the  amino  acid  (amino- 
acetic,  a -aminopropionic,  B-aminopropionic,  and  p-aminobcnzoic),  and  water  (20  ml  per  0.01  g  mole).  The 
mixture  was  heated  on  a  boiling  water  bath  for  40-60  hr.  The  alkyl  mercaptan  was  then  evolved.  After  cooling. 
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TABLE  2 

Hydrochlorides  of  Esters  of  N-(2“Pyrimidyl)-amino  Acids 


Sub¬ 

stance 

No. 

Substance  obtained 

M.p. 

Yield 

(in  %) 

found 

calc. 

VIII 

Me  thyl-N-(6-hydroxy-2-pyrimidyl)-ami  noacetate 
hydrochloride 

205 -20r 

66.7 

19.04.  19.31 

19.18 

IX 

Ethyl  N-(  6 -hydroxy -2-pyrimidyl)-aminoacetate 
hydrochloride 

207-208 

62.5 

18.31,  17.91 

18.03 

X 

Methyl  N -(4 -methyl -6 -hydroxy -2 -pyrimidyl)- 
aminoacetate  hydrochloride* 

190-192 

60.1 

18.00,  17.80 

18.03 

XI 

Ethyl  N  -(4  -methyl  -6 -hydroxy  -2 -pyrimidyl)- 
aminoacetate  hydrochloride 

175-177 

71.4 

16.90.  16.76 

17.00 

XII 

Ethyl  N-(6-hydroxy-2-pyrimidyl)-6-amino- 
propionate  hydrochloride 

163.5-164.5 

23.2 

16.96,  17.20 

17.00 

XIII 

Ethyl  N-<4-methyl-6-hydroxy-2-pyrimidyl)-fl - 
aminipropionate  hydrochloride 

179-180 

22.8 

16.01,  16.05 

16.03 

XIV 

Methyl  N  -(4  -methyl -6 -hydroxy -2 -pyrimidyl)- 
p-aminobenzoate  hydrochloride 

245-248 

75.0 

14.55,  14.03 

14.21 

XV 

Ethyl  N -(4 -methyl -6-hydroxy-2-pyrimidyl)-p- 
aminobenzoatc  hydrochloride 

241-243 

81.4 

13.58,  13.68 

13.65 

•  This  ester  was  purified  by  solution  in  methyl  alcohol  and  precipitation  by  ether. 

the  precipitate  which  formed  was  filtered  off,  washed  with  alcohol  and  ether,  and  crystallized  from  the  corres¬ 
ponding  solvent.  All  the  N-(2-pyrimidyl)-amino  acids  were  white  substances  insoluble  in  the  usual  organic  sol¬ 
vents. 

Methyl  (ethyl)  esters  of  N-(6-hydroxy-2-pyrimidyl)-amino  acid  and  N-(4-methyl-6-hydroxy-2-pyritnidyl)- 
amino  acid  hydrochlorides.  (VIll-XV,  Table  2).  In  a  round-bottomed  three-neck  flask  fitted  with  a  reflux  con¬ 
denser  with  a  calcium  chloride  tube,  and  a  stirrer  was  placed  0.01  g  mole  of  N-(6-hydroxy-2-pyrimidyl)-amIno 
acid  [or  N-(4-methyl-6-hydroxy-2-pyrimidyl)-amino  acid]  and  20  ml  of  anhydrous  methyl  (ethyl)  alcohoL  The 
reaction  mixture  was  stirred  on  a  boiling  water  bath  and  dry  hydrogen  chloride  was  passed  through  the  mixture 
for  3-4  hr.  After  cooling,  the  precipitate  [ester  of  N-(6-hydroxy-2-pyrimidyl)-amino  acid]  was  separated.  The 
resulting  product  recrystallized  from  methyl  (ethyl)  alcohol,  appeared  as  white  crystalline  plates,  soluble  in 
water  and  alcohol,  difficultly  soluble  in  acetone,  insoluble  in  benzene  and  ether. 

Hydrolysis  of  N-(6-hydroxy-2-pyrimidyl)-amino  acids  and  N-(4-methyl-6-hydroxy-2-pyrimidyl)-amino 
acids.  In  a  round-bottomed  flask  fitted  with  a  reflux  condenser  was  placed  0,01  g  mole  of  N-(6-hydroxy-2- 
pyrimidyl)-amino  acid  [or  N-(4-methyl-6-hydroxy-2-pyrimidyl)-amino  acid]  and  20  ml  of  5<)t  sodium  hydroxide 
solution.  The  mixture  was  heated  for  half  an  hour  on  a  boiling  water  bath.  After  cooling,  acetic  acid  was  added 
to  the  solution  to  an  acid  reaction.  The  precipitate  which  came  down  was  dried  in  a  desiccatcx.  The  hydrolysis 
product  had  lii.  p.  330-335*  (decomposition)  (uracil)  or  the  corresponding  270-280*  (decomposition)  (4-methyl- 
uracil).  Analysis  of  the  product  for  nitrogen  and  determination  of  the  mixed  melting  point  with  uracil  or  4- 
methyluracil  confirmed  that  hydrolysis  had  occurred  [4], 

SUMMARY 

1.  We  have  worked  out  a  new  method  for  synthesis  of  N-(6-hydroxy-2-pyrimidyl)-amino  acids,  which 
consists  in  replacing  alkylmercapro  groups  by  amino  acids  by  heating  in  water.  However,  with  some  amino 
acids  2-alkylmercapto-6-hydroxypyrimidine  and  2-alkylmercapto-4-methyl-6-hydroxypyTimidine  do  not  leact 
under  these  conditions;  the  alkylmercapto  group  is  hydrolyzed  and  in  its  place  is  formed  a  hydroxy  grotq>. 
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2.  Wc  have  studied  the  properties  of  the  hydrolysis  product  of  N-(6-hydroxy-2-pyrlnildyl)-amlno  acids  and 
N-(4*methyl-6-hydroxy>2-pyrlmldyl)-ainlno  acids  and  their  esters. 

3.  We  have  obtained  fourteen  new,  undescribed  compounds. 
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In  the  previous  communication  [1]  we  published  the  synthesis  of  N-(6-hydroxy-2-pyrimidyl)-amino  acids 
and  their  esters,  starting  substances  for  preparing  further  pyrimidine  derivatives  which  have  amino  acid  ester 
radicals  in  position  2  and  other  substituents  in  position  6.  The  synthesis  of  the  latter  was  carried  out  through 
esters  of  N-(6-chloro-2-pyrimidyl)-amino  acids.  The  reaction  of  esters  of  N-(6-hydroxy-2-pyrimidyl)-amIno 
acids  with  phosphorus  oxychloride  was  carried  out  by  heating  on  a  boiling  water  bath  with  formation  of  esters 
of  N-(6-chloro-2-pyrimidyl)-amino  acids  (a) 


OH 

1 

Cl 

■ 

1 

1  1 

POCl,^  V 

1 

1  1 

NH _ 1  II 

noc- 

(I)  R  =  C,H„ 

(II)  U  =  CH,. 

(III)  U  =  r,,)i,. 

(IV)  K  =  CH,. 

R'=  H. 

R'  =  CH„ 

K'  =  CH,. 

R'  =  CH,. 

X  =  -CH,-; 

X  =  -CH,-; 

X  =-CH,-; 

X  =  -C.H,-. 

The  earlier  investigation  [1]  showed  the  instability  of  the  amide  bond  in  esters  of  N-(6-hydroxy-2-pyrimi- 
dyl)-amino  acids.  However,  the  stability  of  this  bond  is  increased  in  esters  of  N-(6-chloro-2-pyrimidyl)-amino 
acids  which  are  not  decomposed  by  0.1  N  HCl  in  the  cold.  In  the  reaction  of  ammonia  or  dimethylamine  with 
esters  of  N-(6-chloro-2-pyrimidyl)-aminoacetic  acid  (I)  in  anhydrous  alcohol  in  a  sealed  tube,  chlorine  is  re¬ 
placed  by  ammonia  or  dimethylamine.  forming  the  corresponding  ester  of  N-(6-amlno-2-pyridyl)-aminoaceUc 
acid  (V)  and  N-(6-dimethylamino-2-pyrimidyl)-aminoacetic  acid  (VI).  A  similar  reaction  of  the  same  sub¬ 
stances  with  diethanol  amine  led  to  formation  of  an  especially  hygroscopic  noncharacterized  product.  Only 
acetylation  of  the  latter  permitted  isolation  of  the  corresponding  acetate  esten  of  N-(6-diacetoxydiethylamino- 
2-pyrimidyl)-aminoacetate  aceute  (VII)  (Vm). 


N(CH,),  Cl .  NH, 

I  I  I 

(CH,)tNH  o  NH,  O 

C,HiOC-r.ll,Nll  L  X  C,lI,OCCH,NH'  X  < C,H,OC-CH,NH  Vs  /v 

'K'  N'^R' 


(VI) 


(V) 


t*. 


(continued) 
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N(CH,CH,OC-CH,), 

.A 


C,H,OC-CH,NII ' 


2CH,COOH 


(CH.CO.O 


N(CiI,Cll,OII) 


O  N 

II  I 

C,H»OC-CH,NU  'v^ 


We  observed  that  esters  of  N-(4-irethyl-6-chloro-2-pyrIinIdyl)-amlnoacetlc  acid  (II)  (in)  react  with  hy¬ 
drazine  by  boiling  in  alcohol  to  form  2,6-dihydrazIdo-4-methylpyrimldine  hydrochlorides  (IX),  For  confirma¬ 
tion  of  the  structure  of  the  latter  it  underwent  reaction  with  p-nitrobenzaldehyde  [2],  Elementary  analysis  of 
the  product  which  was  obtained  confirmed  the  presence  of  the  expected  dibenzylidene  compound  (X).  The  re¬ 
action  of  methyl  N-(4-methyl-6-chloro-2-pyrimldyl)-p-aminobenzoate  (IV)  with  hydrazine  even  with  heating 
in  a  sealed  tube  for  6  hr  (120-130*)  resulted  only  in  the  formation  of  methyl  N-(4-methyl-6-hydrazIdo-2-pyri- 
mldyl)-p-aminobenzoatc  hydrochloride  (XI). 

To  show  the  structure  of  the  resulting  reaction  products  we  also  prepared  their  benzylidene  derivatives  (XII). 


NHNil, 
I 


O 

«  I  i 

noc-cii,NnV  A 


NH,NH,  •  H,0 


(11)  RrrCH,, 
(III)  R  =  C,I1». 


liCI 


(IX) 


(C) 


(IV) 


NO,c,ii.cno 


NHN=CH-^[^^NO, 


(X) 


HCI 


nh,nii,-h,o 


CH.OC— ^  n'  XH, 


N11N=CII-C  7-NO, 

NO,C.H.CHO 

HCI - ►  O  I  II 

CH,OC-(^  ^-NH  ^n'^ch, 

(XII) 


HCI 


Hence  It  is  evident  that  the  amide  bond  in  the  esters  of  N-(6-chloro-4-methyl-2-pyrimidyl)-p-amino- 
beiizoic  acid  (IV)  and  also  the  chlorine  in  position  6  are  more  stable  than  in  esters  of  N-(6-chloro-2-pyrimi- 
dyl)-aminoacetic  acid  (II)  (III). 


EXPERIMENTAL* 

Ethyl  N-(6-chloro-2-pyrimidyl)-aminoacetate  (I).  In  a  round-bottomed  flask  fitted  with  a  reflux  con¬ 
denser  with  a  calcium  chloride  tube  was  placed  0.03  g  mole  of  ethyl  N-(6-hydroxy-2-pyrimidyl)-aminoacetate 
hydrochloride  and  0.10  g  mole  of  phosphorus  oxychloride.  The  reaction  mixture  was  heated  on  a  water  bath  for 
five  hr.  The  excess  phosphorus  oxychloride  was  distilled  off  in  a  vacuum  and  the  residue  was  poured  onto  ice; 
the  resulting  solution  was  made  alkaline  with  ammonia  and  extracted  three  times  with  ether,  20  ml  each  time. 
The  combined  ether  extracts  were  dried  with  anhydrous  sodium  sulfate;  after  distillation  of  the  ether  we  obtained 
a  residue  which  was  crystallized  from  alcohol.  The  white  plates  which  separated  were  well  soluble  in  ether, 
benzene,  and  hot  alcohol,  and  insoluble  in  water.  Yield  61^.  m.  p.  75.5-76.S*. 

By  this  method  we  also  obtained  methyl  and  ethyl  esters  of  N-(4-methyl-6-chloro-2-pyrimidyl)-amIno- 
acetic  acid  (H  and  HI).  Yield  of  (U)  39.6<)fc,  m.  p.  102-104*.  Yield  of  (HI)  40.0<)fc;  m.  p.  74.5-75.5*. 

*  Results  of  analyses  given  in  table. 
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Sub- 

Formula 

•/.N 

stance 

Na 

found 

calculated 

(0 

CkM,oO,N3CI* 

19.90.  20.12 

19.48 

(II) 

1  i  X'  .-jCi 

19.T3.  19.00 

19.49 

(III) 

IS..*)?,  18.40 

18.23 

(IV) 

15.14.  1.5.28 

1.5.15 

(V) 

CkII|  .0,N4 . 2IIC1 

20.5.1.  20.45 

20.23 

(VI) 

C,r.llMO,j.\,  •  2(^.lhCOOH 
(:,;ll,r.<)f,N4  •  2ClhCOOII 

24.98.  25.10 

24.98 

(VII) 

11.47.  11. .53 

11.47 

(VIII) 

10.93.  10.86 

11.05 

(IX) 

C51i,„Xb.  iir.i 

44.38.  44.69 

44.21 

(X) 

C|<)li  iqOfNg  •  MCI 

24.3.5.  24.60 

24.34 

(XI) 

CnllK.O.N,  .  IlCi 

22.61.  22.41 

22.62 

(XII)  1  Qm,II|;04N6*  llf^l 

18.70.  18.99 

19.00 

•  Found  ojcz  Cl  16.96,  17.30.  Calculated  <^1!:  Cl  16.60. 

Methyl  N-(4-methyl-6-chloro-2-pyrlmidyl)-p-aminobenzoate  (IV).  In  a  round-bottomed  flask  fitted  with 
a  condenser  with  a  calcium  chloride  tube  was  placed  3.0  g  of  methyl  N-(4-methyl-6-hydroxy-2-pyrimidyl)-p- 
aminobenzoate  hydrochloride  and  10.1  g  of  phosphorus  oxychloride.  The  reaction  mixture  was  heated  on  a  boil¬ 
ing  water  bath  for  six  hr  and  after  cooling  was  poured  onto  ice;  the  resulting  solution  was  made  alkaline  with 
ammonia  at  10-15*.  The  resulting  precipitate  was  filtered  off  and  crystallized  from  benzene.  We  obtained  a 
white  crystalline  p>owder  which  melted  at  218-220*  (decomposition).  Insoluble  in  water  and  alcohol,  soluble  in 
hot  benzene  and  ether.  Yield  2.0  g  (72.2')t). 


Ethyl  N-(6-amino-2-pyrimidyl)-aminoacetate  hydrochloride  (V).  A  sealed  tube  in  which  were  placed 


placed  0.02  g  mole  of  ethyl  N-(6-chloro-2-pyrimidyl)-aminoacetate  (I),  0.02  g  mole  of  diethanolamine,  0.5  g 
of  triethylamine,  and  2.0  ml  of  anhydrous  alcohol  was  heated  at  135-145*  for  three  hr.  After  cooling,  die  con¬ 
tents  of  the  tube  were  poured  into  a  flask  and  well  shaken  with  1.5  g  of  anhydrous  soda.  After  removal  of  the 
precipitate  the  filtrate  was  freed  from  triethylamine  by  distillation.  The  resulting  thick  residue  was  treated  with 
15  ml  of  acetic  anhydride,  after  which  the  mixture  was  heated  at  50-55*  for  three  hr.  The  excess  acetic  an¬ 
hydride  was  removed  in  a  vacuum,  the  precipitate  was  twice  recrystallized  from  dry  acetone.  The  product  was 
obtained  as  white  needles  with  m.  p.  253-255*.  It  was  well  soluble  in  water,  alcohol,  and  hot  acetone,  insoluble 
in  ether  and  benzene.  Yield  55.5*%. 

By  this  method  we  also  obtained  the  acetate  of  ethyl  N-(4-methyl-6-diacetoxydiethylamino-2-pyrlmidyl)- 
aminoacetate  (vni).  Yield  50.0<)(),  m.  p.  249-251*. 

2.6-Dihydrazido-4-methylpyrimidine  hydrochloride  (DC).*  In  a  round-bottomed  flask  fitted  with  reflux 
condenser  we  placed  0.43  g  of  methyl  (or  0.47  g  of  ethyl)  N-(4-methyl-6-chloro-2-pyrimidyl)-aminoacetate 
(n  or  ni),  5  ml  of  alcohol,  and  0.2  g  of  hydrazine  hydrate;  the  mixture  was  heated  on  a  boiling  water  bath  for 
2.5  hr.  After  cooling,  white  crystals  came  down  and  were  filtered  off  and  crystallized  from  alcohol.  The  prod¬ 
uct  was  well  soluble  in  water  and  hot  alcohol,  insoluble  in  ether  and  benzene.  Yield  0.68  g  (76.0<^).  m.  p.  199- 
200*. 

•  The  base  of  this  product  was  obtained  from  2,6-dichloro-4-methylpyrimidine  with  m.  p.  213*  (3). 


2,6-DI-(p-nIirobenzaldehydehydrazono)  -4-methylpyriinIdlne  hydrochloride  (X),  In  a  round-bottomed  nask 


we  dissolved  0.1  g  of  2,6-dlhydrazldo-4-mcthylpyrlmldlne  hydrochloride  (IX)  In  5  ml  of  hot  alcohol.  To  the 
solution  we  added  0.15  g  of  p-nltrobenzaldehyde  In  2  ml  of  alcohol.  The  mixture  stood  for  a  day,  and  the  orange 
preclplute  was  filtered  and  washed  with  ether.  The  product  was  obtained  as  red-orange  crystals  with  m.  p.  240* 
242*  (decomposition).  It  did  not  dissolve  In  ordinary  organic  solvents  or  cold  water. 

Methyl  N-(4-methyl-6-hydrazldo-2-pyrlmidyl)-p-aminobenzoate  hydrochloride  (Xl)«  We  placed  In  a 


sealed  tube  1.4  g  of  methyl  N-(4-methyl-6-chloro-2-pyrimidyl)-p-aminobenzoate  (X),  0.5  g  of  hydrazine  hy¬ 
drate,  and  25  ml  of  absolute  alcohol.  The  tube  was  heated  at  120-130*  for  six  hr.  All  the  product  dissolved. 

After  cooling,  the  precipitate  which  came  down  was  filtered  and  crystallized  from  a  \0<%  alcoholic  solution  of 
hydrogen  chloride.  The  resulting  white  product  with  m.  p.  245-247*  (decomposition)  was  easily  soluble  In  water, 
more  difficultly  so  in  alcohol  and  benzene,  and  insoluble  in  ether.  Yield  1.2  g  (82.0<^).  We  obtained  lu  p-nltro- 
benzaldehydehydrazone  (XII).  This  was  a  yellow  powder  with  m.  p.  278-279*  soluble  In  hot  alcohol,  mote  dif¬ 
ficultly  soluble  in  cold  water  and  alcohol.  Insoluble  In  ether  and  benzene. 

SUMMARY 

1.  W'e  have  showed  that  replacement  of  the  hydroxyl  group  In  esters  of  N-(6-hydroxy-2-pyrimidyl)-amlno- 
acetic  acid  by  chlorine  raises  the  stability  of  the  amide  bond  to  hydrolysis. 

2.  We  have  established  that  the  replacement  of  chlorine  by  amines  In  esters  of  N-(4-methyl-6-chloro-2- 
pyrlmidyl)-p-aminobenzoic  acid  occurs  with  more  difficulty  than  in  esters  of  N-(4-methyl-6-chloro-2-pyrlml- 
dyl)-aminoacetic  acid.  In  the  first  case  more  severe  conditions  are  required  than  In  the  second. 

3.  The  amide  bond  in  esters  of  N-(4-methyl-6-chloro-2-pyrimidyl)-amlnoacetlc  acid  Is  unstable  and 
when  hydrazine  hydrate  acts  on  It,  2,6-dihydrazido-4-methylpyrimldine  is  obtained. 

4.  Starting  from  esters  of  N-(6-hydroxy-2-pyrlmldyl) -amino  acids  we  have  prepared  eleven  undescribed 
esters  of  N-(2-pyrimldyl)-amino  acids  which  are  substituted  In  position  6  by  different  groups. 
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The  reaction  of  carbon  suboxide  with  alicyclic  amines  and  aniline,  as  is  known,  leads  to  formation  of  the 
corresponding  malonyl  diamide.  The  amine  reacts  with  carbon  suboxide  in  the  cold  instantaneously  with  practi¬ 
cally  quantitative  yields.  However,  as  the  literature  data  indicate  [1,  2],  a -amino  acids  of  the  aliphatic  series 
can  react  with  only  one  ketone  group  of  carbon  suboxide,  as  a  result  of  which  there  is  first  formed  a  substituted 
aminocarbonylcarbomethylene  which  is  hydrolyzed  to  malonyl  monoamide.  The  investigations  mentioned  were 
carried  out  on  a  series  of  o  -amino  acids.  Here  the  reaction  took  place  according  to  the  following  scheme: 

coon  coon  O 

I  I  II  H,0 

u_cn-Nih  +  o-=c=c=c=o  — >  n— cn-Nn-c-cn=c=o 

coon  o 

— ►  n-cn— Nil— (?— ciijcoon 

Evidently  this  particular  addition  of  the  malonyl  group  using  carbon  suboxide  is  due  to  the  influence  of 
the  electrophilic  carboxyl  group  which  strongly  decreases  the  reactivity  of  the  primary  amine  group. 

In  this  connection  there  is  considerable  interest  in  the  degree  of  influence  of  different  electrophilic  sub¬ 
stituents  in  alicyclic  and  aromatic  amines  on  the  reactivity  of  carbon  suboxide.  In  the  present  study  it  has  been 
shown  experimentally  that  the  simplest  alicyclic  amines  and  esters  of  aminocyclohexane  carboxylic  acid  at 
ordinary  temperature  in  absolute  ether  quickly  form  with  carbon  suboxide  the  corresponding  malonyl-bis-sub- 
stituted  amides.  There  is  also  almost  no  effect  on  the  great  reactivity  of  carbon  suboxide  by  the  napthalene 
ring  and  even  by  the  presence  of  alkoxy  groups  in  aniline.  Under  much  more  severe  conditions  reaction  of  car¬ 
bon  suboxide  with  isomers  of  alkylamlnobenzoates  and  aminoacctophenone  occurs.  This  is  also  true  of  sulfanlllc 
with  blocked  sulfo  groups  (sulfanilamide).  However,  in  the  latter  case  only  the  malonyl-bis-substituted  amide 
is  formed.  Reaction  occurs  according  to  the  scheme: 

O  O 

IJ,  II 

U-Mljj-f  ()=Cz=:C=C=0  + II^N— n  — ►  RNH-C— CM,— C— Nlin 

The  reaction  of  carbon  suboxide  with  isomers  of  aminobenzoic  acid,  with  sulfanilic  acid,  and  with  isomers 
of  nitroaniline  could  not  be  carried  out  to  give  either  malonyl  monoamide  or  the  malonyl-bis-substituted  amides. 

Starting  from  the  nature  of  the  chemical  structure,  we  must  assume  that  some  of  the  compounds  synthesized 
will  have  definite  pharmacological  properties. 
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EXPERIMENTAL 


The  reaction  of  carbon  suboxide  with  amines  was  carried  out  in  absolute  diethyl  ether  in  the  cold  or  at  the 
temperature  of  boiling  ether.  If  the  reaction  took  place  with  heating  we  added  10-20  mg  of  p-toluenesulfonlc 
acid  to  the  reaction  mixture  as  a  catalyst.  In  all  the  experiments  we  used  gaseous  carbon  suboxide  obtained 
either  by  pyrolysis  of  dlacetylvinyl  anhydride  [3]  or  by  pyrolysis  of  dlethyloxalyl  acetate  [3,  4]. 

The  starting  amines  were  obtained  by  the  methods  described  In  the  literature:  cyclopentylamine  with  b.  p, 
106-108*  from  cyclopentanone  oxime  [5];  cyclohexylamine  withb.  p.  133-134*  from  cyclohexanone  oxime  [5]; 

I  -methylamlne  with  b,  p.  205-206*  from  /  -menthone  ketoxlme  [6];  d,  Z-bornylamine  with  m.  p.  162-163*  from 
d,  Z-camphoroxime  [6];  methyl  ester  of  o-aminocyclohexanecarboxylic  acid  with  b.  p.  114-117*  (17-18  mm)  from 
methyl  anthranilate  [7]:  methyl  ester  of  p-amlnocyclohexane  carboxylic  acid  from  methyl  p-aminobenzoate  [7]; 
methyl  o-aminobenzoate  with  m.  p.  22-24*  from  anthranilic  acid  [8];  ethyl  p-aminobenzoate  with  m.  p.  90-91* 
from  p-aminobenzoic  acid  [8];  o-amlnoacetophcnone  with  m.  p.  18-19*  from  o-nitroacetophenone  [9];  m-amino- 
acetophenone  with  m,  p.  99*  from  m-nitroacetophenone  [9];  p-aminoacetophenone  with  m,  p.  105-106*  from 
p-nitroacetophenone  [9];  and  we  also  used  carefully  purified  commercial  preparations  of  a-naphthylamine, 

B -naphthylamine,  o-anisidine,  p-anisidine,  p-phenetidine,  p-aminobenzenesulfonamide;  isomers  of  amino- 
benzoic  acid  and  nitroaniline. 

N,N*-Malonyl-bis-cyclopentylamine  (I),  We  added  1.4  g  of  cyclopentylamine  to  a  solution  of  0,71  g  of 
carbon  suboxide  in  100  ml  of  ether,  A  white  crystalline  precipitate  ai  once  came  down  and  on  the  next  day  was 
separated  and  recrystallized  twice  from  alcohol,  washed  with  ether,  and  dried.  A  further  amount  of  the  substance 
was  isolated  from  the  ether  mother  liquors.  The  substance  was  soluble  in  hot  acetone  and  alcohol,  insoluble  in 
water.  In  an  analogous  way  we  obtained  N,N*-malonyl-bis-cyclohexylamine  (II), 

N.N*-Malonly-bis-  Z  -menthylamine(III).  We  added  1,7  g  of  -menthylamine  to  a  solution  of  0.75  g  of 
carbon  suboxide  in  100  ml  of  ether.  The  mixture  stood  for  a  day,  but  no  precipitate  appeared.  Then  the  ether 
was  distilled  off  completely  and  the  residue,  a  sticky,  transparent  mass,  was  heated  for  one  hour  with  water. 

The  water  was  separated  and  the  solidified  product  was  twice  recrystallized.  It  was  soluble  in  alcohol,  less  so 
in  ether,  insoluble  in  water. 

In  the  same  way  we  obtained  N,N'-malonyl-bis-<j,Z  -bornylamine  (IV), 

N.N’-Malonyl-bis-methyl  ester  of  o-aminocyclohexane  carboxylic  acid  (V).  We  added  0,8  g  of  the  methyl 
ester  of  o-aminocyclohexane  carboxylic  acid  to  a  solution  of  0.3  g  of  carbon  suboxide  in  35  ml  of  ether.  The 
precipitate  was  separated  after  two  hours  and  washed  with  ether.  The  substance  was  insoluble  in  water  and  poorly 
soluble  in  alcohol. 

N.N’-Malonyl-bis-methyl  ester  of  p-aminocyclohexane  carboxylic  acid  (VI)  was  obtained  like  the  preced¬ 
ing. 

N,N*-Malonyl-bis-  a-aminonaphthalene  (VII).  To  1,0  g  of  a  -naphthylamine  was  added  50  ml  of  an  ether 
solution  of  0.3  g  of  carbon  suboxide.  After  short  shaking,  a  precipitate  appeared  which  stood  for  1  hr  and  was 
then  filtered  off.  The  evaporated  ether  mother  liquor  gave  a  further  quantity  of  the  substance.  The  compound 
was  poorly  soluble  in  alcohol  and  ether,  insoluble  in  water.  N.N*-IvIalonyl-bis-B-aminonaphthalene  (VIII)  was 
obtained  in  the  same  way. 

N,N*-Malonyl-bis-o-anisidine  (IX).  We  added  1.0  g  of  o-anisidine  to  a  solution  of  0,3  g  of  carbon  sub¬ 
oxide  in  40  ml  of  ether.  The  mixture  was  shaken  for  several  minutes  and  after  three  hr  the  precipitate  was  sepa¬ 
rated.  The  evaporated  ether  mother  liquor  could  give  a  further  amount  of  the  substance.  The  product  was  solu¬ 
ble  in  warm  alcohol  and  acetone,  less  so  in  ether,  insoluble  in  water.  In  an  analogous  way  we  obtained  NJJ*- 
malonyl-bis-p-anisidine  (X)  and  N,N*-malonyl-bis-p-phenetidine  (XI), 

N.N’-Malonyl-bis-methyl  o-aminobenzoate  (XH),  Through  a  solution  of  1,8  g  of  methyl  o-aminobenzoatc 
in  80  ml  of  ether  was  passed  evenly  and  slowly  for  16  hr  a  stream  of  carbon  suboxide  (1.9  g  of  CsOj).  The  mix¬ 
ture  was  heated  on  a  water  bath  heated  to  80-90*.  After  passage  of  carbon  suboxide  was  stopped,  heating  was 
continued  for  two  hours  more.  Then  the  ether  was  evaporated  and  the  yellow  solid  residue  was  heated  for  1  hr 
with  water;  the  water  was  separated  and  the  substance  was  recrystallized  three  times  from  methanol.  The  prod¬ 
uct  was  soluble  in  acetone  and  alcohol,  partly  soluble  in  ether,  insoluble  in  water.  In  an  analogous  way  wc  ob¬ 
tained  N,N’-malonyl-bis  ethyl -p-aminobenzoate  (Xm). 
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N.N'-Malonyl-bis-o-amlnoacctophenone  (XIV). 
Through  1.5  g  of  o-amlnoacetophcnonc  in  40  ml  of 
ether  for  7>8  hr  we  passed  a  stream  of  carbon  suboxide 
(2.1  g  of  CjO]).  Further  treatment  was  as  above.  The 
resulting  substance  was  soluble  in  dioxane,  acetone, 
and  hot  alcohol,  less  so  in  ether,  insoluble  in  water. 

In  the  same  way  we  obtained  N.N'-malonyl-bis-amino- 
acetophenone  (XV)  and  N,N*-malonyl-bis-p-amino- 
acetophenone  (XVF;.  As  described  above  we  obtained 
N,N*-malonyl-bis-p"aminobenzenesuifonamide  (XVII). 
The  product  was  soluble  in  acetone,  and  alcohol,  less 
so  in  ether,  soluble  in  hot  water. 

The  yields,  melting  points,  solvents  for  crystal¬ 
lization  and  results  of  analyses  of  the  above  substances 
are  given  in  the  table. 

When  a  stream  of  carbon  suboxide  was  passed 
for  15-20  hr  with  heating  through  ether  solutions  of 
0-,  m-,  and  p-aminobenzoic  acids,  o-  and  p-nitro- 
aniline.  and  sulfanilic  acid,  the  reaction  mixtures 
became  somewhat  cloudy  and  formed  a  small  amount 
of  polymeric  carbon  suboxide.  We  could  not  isolate 
any  malonyl  substituted  amides. 

SUMMARY 

1.  We  have  obtained  several  undescribed  N,N*- 
malonyl-bis-substituted  amides  by  the  action  of  ether 
solutions  of  carbon  suboxide  on  a  series  of  alicyclic 
and  aromatic  amines  and  also  their  derivatives. 

2.  In  some  cases  it  was  shown  that  the  pres¬ 
ence  of  alkyl  and  even  of  ester  groups  in  the  ring  of 
the  alicyclic  amines  had  little  effect  on  the  reactivity 
of  carbon  suboxide.  In  substituted  anilines.ester  and 
acetyl  groups  somewhat  lowered  this  reactivity. 

3.  Carboxyl,  nitro  and  sulfo-snbstituted  anilines 
in  ether  solution  did  not  react  with  carbon  suboxide. 
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The  bond  energy  in  molecules  of  gaseous  alkali  halides  can  be  calculated  on  the  basis  of  ionic  models 

[1-3]. 

The  expression  for  the  energy  of  repulsion  in  this  case  can  be  in  the  form  where  A  and  p  are  con¬ 

stants  dctcrmUicd  by  Ritmer  for  experimental  data  (re  and  kc)  [1].  Until  recently,  p  was  considered  the  same 
for  all  molecules.  We  have  shown  that  p  depends  on  the  type  of  ions  of  the  molecule,  increasing  from  Lf*’  to 
Cs"*”  and  from  F"  to  I"  [3,  4],  The  same  is  found  for  thallium  halides  (I)  [5], 

Since  the  possibility  was  shown  for  calculating  the  energy  on  the  basis  of  an  ionic  model  for  halides  of 
tlic  n  A  group  [6],  it  is  of  interest  to  calculate  p  depending  on  this  type  of  ion. 

The  expression  Ae”'^^^  or  Ae”^^  (where  b  =  1/p)  reflects  the  exponential  character  of  change  in  wave 
function  with  distance  [7).  The  change  found  in  p  (or  b)  in  the  series  F"  -♦  T  or  Ll"*^  -•  Cs'*’  can  be  expressed 

as  follows.  „  , 

_  * 

According  to  Slater  the  wave  function  of  the  ion  =  e  "*“•  =5'**— where 


(1) 


and  £  is  the  distance  of  the  electron  from  the  nucleus  [8], 

The  energy  of  repulsion  of  cation  and  anion  equals  Pe~  ‘ where  P  is  the  polynomial  from  r 

which  changes  very  little  compared  to  the  exponential  factor  and  the  corresponding  constant  A  [9]. 

Hence  we  can  assume  that  in  Ae~^^  the  value 


=  e-  (‘k+*a)’’  and  b  =  h^  +  6,. 

It  follows  from  (1)  that  there  is  a  regular  change  in  b  in  the  series  of  ions,  and  from  (2)  that  there  is  a 
tegular  change  in  p.  For  calculation  of  b^  as  a  standard  we  take  the  molecule  of  KCl  (b  =  2.915),  consisting 
of  isoelectronic  ions.  For  such  ions  from  (1)  it  follows 


hi  i 


In  the  case  of  KCl,  bj^  •  =  1.673,  b^j-  =  1.242. 


(3) 


We  find  the  individual  b^  for  the  other  ions  of  alkali  metals  and  halogens  from  (2),  using  b  for  nine  mole¬ 
cules  calculated  by  us  from  experimental  data.  Thus  b.  and  p  ate  calculated  for  the  remaining  molecules  (see 
table). 
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Coefficient  p  •  10**  (experimental  values  given  in  Italics) 


F-  1.392 

Cl-  l*<  =  1.242 

Dr- 

1.071 

I  -  «=  0  1.34 

Li^ 

b,  ^  i.sr)') 

308 

32.3 

:i45 

379 

6,^.=  1.770 

316 

.7.72 

:t4G 

3S4 

1.673 

326 

.7/7 

.774 

.309 

llh^ 

i.rt7r, 

.7.57 

.7.5.S 

379 

41.5 

bi=  l.:.28 

3/i2 

■Vit 

38.3 

42.3 

Kr^ 

=  i.rA) 

3'i6 

363 

3.S0 

42.S 

bi  =  2.r./i2 

2r,4 

26  i 

277 

296 

MX-* 

—  2.020 

202 

.306 

.323 

3.3M 

f::r*- 

fc, .  -  I.SNO 

.30.*i 

310 

.3.37 

.367 

319 

.3;i.'5 

B.S.'i 

.3.S7 

n.i’*- 

f»,r=  i.6!»:i 

32'< 

3'il 

362 

306 

The  bj  of  the  Ions  of  the  alkaline  earth  metals  Is  calculated  by  (3)  through  the  bj  of  the  Ions  M+,  Na"*^, 
Rb'*',  and  Cs'*'.  On  this  basis  by  (2)  are  calculated  b  and  p  of  molecules  of  group  II  A  halides  (see  table). 

Calculation  of  the  bond  energy  on  the  basis  of  the  value  obtained  for  p  gives  good  results.  The  average 
variation  of  the  calculated  value  for  the  bond  energy  from  the  experimental  is  2*^  for  20  molecules  of  alkali 
metals  and  2.5'^  for  9  molecules  of  group  II  A  halides  for  which  the  experimental  values  are  knov/n. 

We  use  an  analogous  method  for  some  other  molecules,  for  example,  ZnCl^. 
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Lithium  alkyls  add  to  enyne  hydrocarbons  with  formation  .after  treatment  of  the  reaction  mixture  with  water, 
of  allcne  hydrocarbons  [1],  In  order  to  explain  the  meclianism  of  this  reaction  we  have  studied  tlie  infrared  spectra 
cf  solutions  of  lithium  butyl  and  vinylethylacetylene  in  undccane  and  mixtures  of  undecane  and  ether  (1:1). 

In  tlxi  first  solvent  the  reaction  occurs  with  low  rate  and  after  standing  of  the  reaction  mixture  for  a  day 
(20*)  we  still  find  in  the  spectrum  the  deformation  frequency  of  vinylethylacetylene  (906  cm"*).  In  the  presence 
of  ether  the  reaction  takes  place  with  heating  and  ends  after  several  minutes. 

After  the  reagents  arc  mixed  there  slowly  appears  in  the  infrared  spectrum,  along  with  the  frequencies  of 
lithium  butyl  (857,  934,  0G5,  1026,  1048  cm"*)  [2,  3]  and  of  vinylethylacetylene  (906,  967,  1605,  2226  cm”*), 
an  intense  band  with  a  frequency  1865  cm"*,  which  grows  stronger  during  the  course  of  the  reaction  and  which 
evidently  corresponds  to  the  associated  molecule  C2H5— CLi=C=CH— CH2“C4H9  (I),  After  12  hr  standing  of 
the  mixture  the  spectrum  still  shows  one  high  frequency  of  1780  cm”*.  When  the  reaction  mixture  is  treated 
with  w’ater  at  all  stages  of  the  reaction,  this  frequency  disappears  and  we  see  the  more  or  less  intense  frequency 
of  the  allenc  group  1956  cm"*  and  also  tlie  deformation  frequency  865  cm"*  [5]  (intensity  depending  on  depth 
of  the  reaction). 

The  ascription  of  the  frequency  1865  cm"*  to  oscillation  of  the  lithium-allene  complex  (I)  is  confirmed 
by  the  fact  that  this  frequency  of  1865  cm"*  and  also  the  frequency  1780  cm"*  (on  standing)  appear  in  the  spec¬ 
trum  of  mixtures  of  a  solution  of  lithium  butyl  and  ethylbutylallene  in  undecane  (when  the  reagents  are  mixed, 
heating  occurs).  When  this  solution  is  treated  with  water,  ethylbutylallene  is  regenerated,  and  by  treatment  with 
CO2  an  allenic  acid  is  obtained  which  shows  the  process  of  metallation  [probably  forming  a  compound  of  type 
(I)]. 

On  the  other  hand,  enyne  hydrocarbons  which  do  not  fonn  allenes  in  the  reaction  with  lithium  alkyls  (for 
example,  allyl-tert-butylacetylene)  give  complexes  which  absorb  not  at  1865  cm”*,  but  evidently  at  2050  cm"*. 

These  results  confirm  that  the  addition  of  lithium  alkyls  to  vinylalkylacetylenes  goes  through  a  stage  of 
formation  of  a  lithium-allene  compound.  The  allene  group  occurs  in  the  process  of  addition  of  the  lithium  alkyl 
to  the  conjugated  system  and  not  when  the  reaction  mixture  is  treated  with  water. 

Diene  hydrocarbons  (isoprene,  piperylene)  also  form  complexes  in  the  reaction  with  lithium  butyl  which 
are  characterized  by  frequencies  in  the  infrared  spectra  of  about  1780  cm~*. 

The  intense  frequency  of  the  lithium  complex  can  be  used  for  study  of  the  kinetics  of  the  addition  of 
lithium  alkyls  to  unsaturated  compounds.  * 
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We  have  established  the  possibility  of  alkylation  of  toluene  by  propylene  in  the  presence  of  industrial  granu¬ 
lar  aluminosilicate  catalyst  in  a  streaming  gas  phase  at  atmospheric  pressure  in  order  to  obtain  cymene  in  high 
yield.  As  is  known,  cymene  can  be  tised  as  a  starting  source  for  the  production  of  phthalic  acid  by  oxidizing  it 
with  oxygen  of  the  air. 

The  alkylation  of  toluene  by  propylene  is  carried  out  in  an  apparatus  of  the  flowing  type  [1]  on  an  alumino¬ 
silicate  catalyst  with  the  composition  14.01  AI2Q},  84.66  Si02,  0.36  Na20.  0.13  Fe20s,  0.60  CaO.  Zn,  trace, 
MgO,  trace.  The  toluene  used  is  chemically  pure:  b.  p.  Ill*,  dP®4  0.868,  ii*®D  1.4970.  Propylene  is  obtained  by 
dehydration  of  isopropyl  alcohol  over  aluminum  oxide  at  380*. 

We  have  found  that  at  300*,  mole  ratio  of  toluene  to  propylene  3:1,  and  volume  rate  of  supplying  toluene 
to  the  reactor  of  0.45  volumes  per  volume  of  catalyst  in  one  hour,  the  yield  of  cymene  based  on  propylene  used 
in  the  reaction  is  77'^,  and  the  yield  of  trial kylbenzenes  is 
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In  a  recently  published  paper  of  Morozova  and  Getskina  [1]  results  were  given  on  the  investigation  of  the 
heats  of  formation  of  niobium  oxides.  The  authors  established  in  particular  that  the  heat  of  formation  of  Nb^Oi 
from  the  elements  was  472.5  kcal/g-mole.  This  value  was  obtained  on  the  basis  of  data  on  the  heat  of  com¬ 
bustion  of  preparations  containing  98.5<Jb  Nb  (with  a  calculated  correction  for  impurities).  At  about  the  same 
time  we  carried  out  a  study  of  the  heats  of  formation  of  oxides  and  carbides  of  niobium  [2].  In  this  we  also  used 
a  metal  containing  98.52<7d  Nb.  The  treatment  of  the  results  of  calorimetric  investigation  led  us  to  a  value  for 
the  heat  of  fonnation  of  Nb205  of  458.6  kcal/g-mole. 

The  considerable  difference  In  the  results  of  [1]  and  [2]  forced  us  to  make  new  measurements  using  a  purer 
metal  (99.01  <51.  Nb,  0.94'7c  Ta,  0.04"^  O;  Ti,  Fe,  Si,  and  C  not  detected)  ignited  near  the  melting  point. 

We  carried  out  two  sets  of  experiments  with  later  controls  for  the  complete  oxidation  of  niobium.  We 
showed  that  in  the  first  set  of  experiments  this  was  99.33<7<i  and  in  the  second,  99.10‘)li. 

In  treatment  of  the  experimental  data  we  introduced  corrections  for  incomplete  oxidation  of  the  metal 
and  for  the  presence  of  tantalum  and  oxygen  in  the  starting  material.  Here  it  was  assumed  that  the  tantalum 
was  completely  burned  to  Ta205  with  a  heat  effect  of  499  kcal/g-mole  [3]  and  the  oxygen  formed  a  solid  solu¬ 
tion  in  niobium  whose  heat  of  formation  (per  g-atom  O)  was  close  to  the  heat  of  formation  of  NbO  from  the  ele¬ 
ments  [4]  (which  we  studied  earlier  [2]). 

A  summary  of  the  original  calorimetric  data  and  also  of  the  corrections  in  them  are  given  in  the  table. 

The  data  of  the  table  show  that  the  heat  of  formation  of  niobium  pentoxide  is  AH  *  —455.14  0.5  kcal/g- 
mole  which  is  not  a  bad  agreement  with  our  previous  results  [2]  and  with  the  data  of  Humpherey  [5]. 


Set  of  ex- 

combustion 
penments  i(i„cal/gof 


Correction  (in  cal/g  of 
starting  preparation) 


startingprep-l  unoxidized  ^  for  Ta  and  C> 

'.Ration)  I _ _ I _ _ ' 


lI'ilR.Mi 

2iOH.r.n 


2I.S7 


in.116 


Heat  of  com 
bustion  in 
cal/g  Nb 


Heat  of  forma¬ 
tion  of  Nb/3g 
(in  kcal/g-mole 


24r.2.2i 

2m.:vi 


4rA.7 

4r>4.ri 


VA.!  ±n.5 


The  absence  in  publication  [1]  of  an  indication  of  the  original  results  of  the  calorimetric  measurements 
and  the  method  of  calculation  of  the  heat  of  oxidation  of  the  carbon  contained  in  the  metal  does  not  permit  us 
to  establish  the  reason  for  the  difference  remarked  above.  In  this  connection  it  is  very  desirable  to  have 
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additional  control  measureoients  since  the  values  used  for  AH  of  NbiO;  are  basic  for  the  detennlnatlon  of  the 
heat  of  formation  of  the  lower  oxides  of  niobium,  and  also  for  the  carbides,  nitrides,  and  other  compounds. 
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Previously  for  the  heat  of  formation  of  Nb20s  tlie  following  values  have  been  presented:  463.2  k  4  kcal/g- 
formula  (Becker  and  Roth  [1])  and  455.2  kcal  g-formula  (Humpherey  [2]).  M.  P.  Morozova  and  L.  L,  Getsklna 
[3]  found  for  the  heat  of  combustion  of  powdered  niobium  to  Nb205  472.6  i  1.0  kcal /g-formula.  In  the  same 
work  the  heat  of  burning  Nb02  found  to  be  37.0  ±  0.4  kcal /g-formula,  which  agreed  very  well  with  the 
value  of  36.67  ±  0.10  kcal/g-mole  found  by  A.  D.  Mah  [4]. 

This  fact  and  the  fact  that  determination  of  the  heat  of  combustion  of  titanium  [5]  and  its  oxides  carried 
out  in  the  same  apparatus  used  for  determination  of  the  heat  of  combustion  of  niobium  [3]  agreed  with  the  values 
found  by  Humpherey  [6]  led  us  to  assume  that  the  difference  in  data  for  Nb205  obtained  by  M,  P.  Morozova  and 
L.  L.  Getskina  [3]  and  the  data  of  F.  G.  Kusenko  and  P.  V.  GeTd  [7]  and  Humpherey  [2]  was  not  related  to  the 
different  method  of  calorimetric  determination. 

Actually, repetition  of  the  calorimetric  experiments  with  powdered  niobium  used  in  work  [3]  led  to  a  value 
for  heat  of  combustion  which  was  obtained  by  M.  P.  Morozova  and  L.  L.  Getskina  [3],  namely  473.2  *  0.8  kcal/g- 
formula. 

On  the  other  hand,  compact  niobium  which  contained  0.01*511  C,  0.5*^  Ta  (with  corrections  for  the  presence 
of  these  impurities  and  for  incomplete  combustion)  gave  for  the  heat  of  formation  of  Nb205  a  value  of  454.8  * 
i  0.8  kcal/ g-formula,  which  agrees  well  with  the  data  of  work  [2]  and  [7]. 

If  we  accept  the  value  for  the  heat  of  formationforNb02,6of  227.4  ±  0.4  kcal,  then  we  must  correct  the 
heat  of  formation  of  NbO  and  Nb02.  They  are: 

a)  Nbj-j  +  J  ©2  gas  ~  NbO^f  +  99.9  4  0.6  kcal. 

b)  Nb^f  +  ©2  gas  =  Nb02  cr  +  190.4  4  0.4  kcaL 
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Density  is  one  of  the  comparatively  few  properties  of  solutions  for  which  it  b  possible  to  determine  entirely 
rigidly  from  this  single  property  an  expression  which  is  based  in  the  ideal  case  on  additive  properties.  In  the 
binary  system  formed  without  change  in  volume  the  dependence  of  density  on  composition  is  linear  only  when 
the  latter  is  expressed  in  volume  parts: 


d  =  d^wj  +  djWj  (I) 

Although  this  expression  (in  a  somewhat  different  form)  was  used  by  D.  I,  Mendeleev  even  in  1865  [1], 
many  present  day  authors,  as  we  have  recently  shown  [2],  still  make  the  groundless  assiunption  of  the  additivity 
of  density  in  other  methods  of  expressing  composition,  which  sometimes  leads  to  serious  errors. 

The  correct  conclusions  from  Eq.  (I)  are  drawn  in  the  recently  published  monograph  of  V.  Ya.  Anosov  [3] 
on  pages  13-14,  However,  before  this  conclusion  (on  page  12)  and  after  it  (on  page  26)  it  is  stated  that  the  specific 
gravity  (density)  is  additive  if  we  express  the  concentration  directly  in  mole  parts.  This  statement  is  evidently  an 
opinion  of  the  author  and  is  based  on  a  pure  misconception,  since  V.  Ya,  Anosov  earlier  often  speaks  of  the  need 
to  use  volume  parts  in  this  case  [4,  5],  Properly  speaking,  the  very  formulation  of  the  question  of  determining  the 
rational  method  of  expressing  the  composition  in  constructing  a  composition-properties  diagram  should  be  for 
V.  Ya,  Ansov  to  give. 

The  tradition  of  flie  investigation  of  specific  gravity  of  solutions  goes  back  to  D,  L  Mendeleev  in  Russia. 

The  question  of  the  additivity  of  densities  of  solutions  is  in  essence  relatively  simple,  and  its  correct  solution 
should  be  accepted  by  all  workers  in  this  field. 
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All  abbreviations  of  periodicals  in  the  above  bibliography  are  letter-by-letter  transliter¬ 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 


FIAN 

GDI 

Gin 

GITTL 

GONTI 

Goseneigoizdat 

GoskhimizdAt 

GOST 

GTTI 

IL 

ISN  (Izd.  Sov.  Nauk) 

Izd.  AN  SSSR 

Izd.  MGU 

LEIIZhT 

LET 

LETI 

LETIIZhT 

Mashglz 

MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIO! 

NIKH 

ONTI 

on 

OTN 

Stroilzdat 

TOE 

TiKTI 

TjNIEL 

TsNlEL-MES 

TiVTI 

UF 

VIESKh 

VNHM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Scl.  USSR. 

Water  Power  Inst. 

State  Scl.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.- Tech.  Press 

State  Power  Press 

State  Chem.  Press 

All' Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Prcis 

Foreign  Lit.  Press 

Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.'Tech.  Press  for  Machine  Cor>strucrion  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Planu  and  die  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Iiut. 

Ministry  of  Industrial  Construction 

Scientific  Research  Inst,  of  Sound  Recording 

Sci.  Inst,  of  Modem  Motion  Picture  Photography 

United  Sci.- Tech.  Press 

Division  of  Technical  Information 

Div.  Tech.  Sci. 

Construction  Press 

Association  of  Power  Engineers 

Central  Research  Inst,  for  Boilers  and  Turbines  f 

Central  Scientific  Research  Elec.  Engr.  Lab. 

Central  Scientific  Research  Elec.  Engr.  Lab.”Minist^  of  Electric  Power  Plants 
Central  Office  of  Economic  Information 
Ural  Branch 

All-  Union  Inst,  of  Rural  Elec.  Power  Stations 
All-Union  Scientific  Research  Inst.  ofMetrology 
All-Union  Scientific  Research  but.  of  Railroad  Engineering 
All-Union  Thermotech.  Inst. 

All-Union  Power  Correspondence  Inst. 


Note:  Abbreviations  not  on  dib  Ibt  and  not  explained  in  the  translation  have  been  transliterated,  no  farther 
information  about  their  significance  being  available  to  us.  -  Publisher. 


